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Art. I.—TZhe Solar Corona, an instance of the Newtonian 
Potential Function in the case of Repulsion ; by Professor 
Frank H. BIGeLow. 


[Read before the National Academy of Sciences, Washington, April, 1891. Com- 
municated to the Academy by Professor Simon Newcomb. ] 


THE term Newtonian Potential Function, first employed by 
Neumann, is now generally accepted by writers on scientific 
subjects. It expresses the law of the attraction or the repul- 
sion, as the case may be, of the action of all the material sub- 
stance in the universe, the discrete parts acting mutually upon 
one another. The approximate value of the attraction between 
any two rigid bodies may be obtained by assuming that every 
particle of the one body attracts every particle of the other 
with a force directly proportional to the product of the masses 
of each pair of particles, and inversely proportional to the 
square of the distance between their centers. The true value 
is the limit approached as the bodies are subdivided indefi-— 
nitely. From this case follows the whole subject treated as 
the attraction of gravitation. If we substitute in the defini- 
tion the word repulsion we derive the expression of the second 
case, and many of the formule in the mathematical discussion 
can be interchanged between the two cases by a proper use of 
the plus and minus signs. Electricity and magnetism depend 
upon this function for, their analysis. 

‘The mystery underlying the physical condition of matter is 
as yet insoluble either by metaphysical speculation or by scien- 
tific investigation, but it is significant that this Newtonian 
Potential Function, using both algebraic signs, should reach 
to all the phenomena known to us up to this time. While I 
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cannot justify the idea, the suspicion keeps forcing itself upon 
my mind that matter some how, that is to say by change of 
conditions or environment, can be made to pass from the } posi- 
tive to the negative form of the function and back again. We 
may yet discover that this is illustrated by the sun, when we 
get to the bottom of its mysterious nature. At present I am 
concerned simply with identifying the Solar Corona with the 
manifestation of the Newtonian Potential Function in the ease 
of repulsion. 

Whenever the particles of a body, not undergoing rotation, 
are free to move among hamaiaie, the body assumes a spheri- 
cal figure about a center. This figure is modified by the rota- 
tion of the body. If in connection with such a spherical body 
there be pr esent other material conforming to the ease of repul- 
sion, the body is polarized along an axis, and the lines of force 
are parallel to the axis of polarization within the body, become 
discontinuous at the surface, and on leaving the surface form 
curves whose locus can be expressed by the formula 


sin*6 


N=— 
/ 

where N is the given line (7. @) the polar codrdinates of points 
measured from the axis of polarization and the center. We 
are not now discussing either the interior or the surface condi- 
tions, and in the case of the potential outside the sun we may 
believe that we have a nearly ideal distribution, on account of 
the prevailing conditions of freedom of motion. 

In the corona streamers, as displayed by the photographs, 
we must remember that the curves arising from the equation 
just given are modified by projection, and that therefore the 
measured curves must all be corrected for their distortion. 
At the outset we could not know the position of the axis of 
polarization or the center of reference, and as a first approxi- 
mation we supposed that this axis passed through the center 
of the sun, and coincided with the plane perpendicular to the 
line of sight from the observer, which also passes through the 
center of the sun. Fortunately in the eclipse photographs of 
July 29, 1878, Jan. 1, 1889, and Dec. 22, 1889, which were 
studied, these conditions were not very erroneous in their 
assumption. These three coronas are so similar in their 
appearance that they are spoken of as the “ American type,” 
the fact being that at the epoch of the eclipse, the pole of the 
corona in its rotation with the sun happened to be near the 
plane of reference just defined, so that the coronas were 
observed in their most symmetrical position relatively to the 
earth. The amount of this angular divergence between the 
axis of polarization and its trace on the plane of the disk was 
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less than two degrees, and this had but little influence upon the 
traces of the curves themselves. The second point, namely, 
that the center of polarization coincided with the center of the 
sun was more inaccurate, and this was shown by the fact that 
in computing the angle through which the plane containing 
a given ray must be ‘turned about the axis of polarization to 
produce the curve as it appeared on the photograph, it was 
found that this angle progressed in value for points of the 
curve, as we passed from the surface of the sun to its extremw- 
ity. This angle was however checked at the following step in 
the computation, by which each measured point on the ray 
gives the polar distance 0, at which the ray under discussion 
springs from the surface of the sun. We propose to rediscuss 
this question, in a second approximation, at some future time. 
The upshot of the whole matter is that of all the curves that 
theoretically exist in space, as surrounding a polarized sphere, 
only such occur in the corona as spring from a belt lying 
generally between the parallels of coronal polar distance 25° 
to 40° in each hemisphere of the sun. I subjoin a summary 
of my result for the three coronas. Each value of @,, the 
polar distance of the base of the ray on the solar photosphere, 
is the mean of generally three, sometimes four or five points 
measured on the ray. The mutual agreement is substantial 


and con vincing. 


ANGULAR DISTANCE FROM THE CORONAL POLE OF THE BASE OF THE RAYS. 


Corona of July 29, 1878. 


Corona of Jan. 1, 1889. 

Ss. W. 

31° 50’ 

29 49 

31 33 

30° 11 

34°21 

29 20 

36 43 


31 41 


1 29° 42’ 32° 41’ 31° 31° 
2 28 32 27 #18 30 31-31 
3 30 52 34 40 32 25 33 44 
4 31 45 $3 36 30 38 33 8 
5 32 50 33 37 34 21 33 55 
6 33 46 41 34 36 16 34 8 
7 35 53 38 58 351i 
8 41 41 40 54 38 18 
33. 7 33 39 34 35 33 56 33 49 
N. E. S. E. 
34° 54’ 30 31° 562° 
28 327 29 2% 33 
24 39 32 30 00 
18 1 32 32 16 
31 13 33 33 21 
37 49 32 33 48 
42 51 — 34 26 
31 8 31 44 pi 32 30 31 46 
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Corona of Dec. 22, 1889. 


— 


Mean 
2 


31 35 
From this we proceed to the location of the coronal poles, 
or the points on the surface of the sun at which the axis of 
polarization pierces it. 
The results are independent of each other as regards differ- 
ent coronas, and the two hemispheres are also independent 
for the same corona. 


North Pole. South Pole. 
Long. sat. Long. Lat. 
July 29, 1878, 5° 18’ 5° 1s 8: 83° 
Jan. 1, 1889, 3 26 
Dec. 22, 1889, 36 «19 


Mean latitude, 85 32 


Difference in Longitude. 
July 29, 1878, 101° 46’ 
Jan. 1, 1889, 100 53 
Dee. 22, 1889, 


Mean difference, 100 24 


The axis of polarization is therefore at the surface of the 
sun about 44° degrees from the axis of rotation, and the 
southern end of it precedes by about 100 degrees in longi- 
tude. These codrdinates of latitude and longitude are al- 
ways referred to the plane of the sun’s equator, considered 
as celestial, and from the ascending node of the sun’s equator 
on the ecliptic, that is from the point whose longitude is 74° 
from the vernal equinox on the plane of the ecliptic. These 
coérdinates are therefore celestial and, being independent of 
solar conditions, indicate the position of the axis of polarization 
without any complications. A computation of the distance 
apart in a great circle, from the center of the sun, of the north 
and the south coronal poles gives us for our three coronas: 


Ray. N.E. N. W Ss. W. S.E 
1 30° 25’ 28° 517 31 15’ * 30’ 
* 2 25 33 25 Ii 27 19 56 
3 30 33 99 0 28 14 4] 
4 at 26 } 26 59 14 
5 30 15 29 10 14 
6 30 17 34 8 34 25 20 
7 31 19 4 17 36 «37 22 
8 28 43 17 «15 
9 35 655 39 17 
10 38 l 
{ 9 
99 
9 
85 24 
| 
| 
| 
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Mean, 174° 6’ 


This will enable us to compute the position of the center of 
polarization of the sun, which is seen to be considerably eccen- 
tric, and from this our second approximation begins. It should 
be mentioned that although the existing photographs have 
served our purpose, and given results more satisfactory than 
was anticipated, yet no pains should be spared at approaching 
eclipses to produce pictures of much greater power than those 
we now possess. For this subject already opens up a vista of 
great interest in studying the physical nature of the sun.* 
From the results that have been quoted we may draw the 
conclusion that the axis of polarization seems to be fixed in the 
body of the sun, the difference in longitude and the distance 
measured on a great circle being constant, within the errors 
arising from the measures, for epochs extending over nearly 
eleven years. Since the codrdinates of position 1 of .the poles 
are celestial, we have only to compute the periodic time in 
order to know the period of the rotation of the sun at a 
distance of 44 degrees from the axis of figure. It is de- 


sirable that this should be done, because the sun-spots, from 
which such a period is obtained for the equatorial regions, are 
confined to about 35° in latitude, and we shall thus be able to 
pass over the intervening 50° to the neighborhood of the solar 
poles. I have obtained the following results: 


For the period from July 29, 1878 to Jan. 1, 1889, 138 revolu- 
tions +194°°69; the mean daily motion is 13°°1353_in longitude. 
For the period from July 29, 1878 to Dec. 22, 1889, 151 revolu- 
tions + 166°°68 ; the mean daily motion is 13°°1312 in longitude. 
For the period from Jan. 1, 1889 to Dec. 22, 1889, 12 revolu- 
tions +331°°99; the mean daily motion is 13°-0876 in longitude. 


As my conditions are of equal weight for each eclipse, a least 
square solution gives me for mean daily motion in longitude 
13°'13307=788’, at latitude 85°-5. 

This gives for the 


Siderial Period, 27441171 = 27475 9" 52™ 52°, 
Synodic Period, 29°-63580 = 29%Y* 15" 15™ 338, 


in mean solar time. I propose the following formula for the 
rotation period of the solar surface at different latitudes, as 
* A paper containing the details of the work by which these results were ob- 


tained, will be found in the Proceedings of the Astronomical Society of the 
Pacific, No. 17. 


5 
172° 59’ 
173 56 
175 23 
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derived from the mean daily motion in longitude given by 
observations of the sun-spots and by computation at the coronal 
pole. 


X = 862’—76' sin/, where X is the mean daily motion in 
minutes and 7 is the solar latitude. 


Other formula have been given: 


Faye, X = 862—186 sin’? /. 
Tisserand, =857°6—157°3 sin’ J. 
Spoerer, = 1011—203 sin (41°+/). 
Siderial Period 
Latitude. Faye. Tisserand, Spoerer. Bigelow. in days. 
0° 863’ 358" 878 862°0 25°0577 
10 8 5 85: 848°8 25°4470 
20 83§ 83: 836°0 25°8370 
30 816 824°0 26°2131 
40 786 9: S13°2 26°5613 
50 f 5 803°8 26°8729 
60 2: - Sl: 196°2 27°1288 
70 ( ‘ 790°6 27°3206 
90 7 5 786°0 


If we compute back to the epoch 1878°0 we find the residuals 
in longitude for the three coronas, 
North Pole. South Pole. 
July 29, 1878, +0°5 
Jan. 1, 1889, 48 
Dec. 22, 1889, —8 


I adopt as the longitude for 1878:0, 


North Pole, 
South Pole, 


Siderial Period, 


We can now readily locate the position of the coronal poles 
at any epoch, and I have done so for several past eclipses in 
order that comparison may be made between a model and the 
pictures obtained during the totalities of the eclipses. The 
model was constructed in the following manner. The body of 
the sun is represented by a five-inch globe. In the region of 
the coronal zones three parallels of coronal polar distance are 
taken, 29°, 34°, 39°, and on these somewhat at random, are in- 
serted wires having the proper form. Their curvature and 
their inclination to the normals of the sphere were calculated 
from the formule, a graphic representation of the locus of the 
curves made for a pattern, and the wires bent accordingly. 


201° °2. 
501°°6. 
days 
2741171. 

q 
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For giving the proper position to the model for any eclipse 
this simple device is adopted. The circular stand is placed on 
a sheet of card board and two concentric circles are drawn 
upon it surrounding the base of the stand. On the inner one 
the figures represent the direction from the center towards the 
earth, equal to the sun’s longitude of date + 180°. A mark on 
the stand, drawn by regarding the inclination of the axis at 
7° 15’, and representing the position of the node, is placed at 
the reading 74° on the circle just described. For any eclipse 
turn the card board with the stand upon it about so that the 
reading (© +180°) is between the observer and the center. 
Furthermore adopting the data given above for the epoch 
1878-0 as the elements of predicting the position of the poles 
of the corona, a table has been constructed for a series of cor- 
onas from 1857 to 1893. On the second circle the 0° reading 
begins at 74° of the first cirele, and it is necessary to rotate the 
ball so that the North pole of the corona shall point to the 
reading that was computed. The observer will then see the 
model in the position of the corona of the sun, if the eye is 
placed on the same level plane as that passing through the cen- 
ter of the ball. The following table gives the two readings 
necessary for setting the model. They are computed for the 
Greenwich mean time of conjunction of the Sun and Moon 


for the several eclipses as given by the Nautical Almanac. 
Observations made at any other time can be readily corrected. 


Table of Codrdinates for setting the Model of the Corona. 


Peling Long. Long. Long Long 
Date of Eclipse. Earth. Corona. Date of Eclipse. Earth. Corona. 


1876°71441 G. M. T. 355° 
1878 57741 306 
1880°02999 111 
1882°37597 236 
1883°34747 226 
1885°68965 346 
1886°66132 336 
1887°59106 311 
1889-00517 101 
1889°97616 91 
1892 32003 216 
1893°29187 207 


1857°23254 G. M. T. 
1858°68616 
1860 54647 
186200094 
1864°34503 
1865°31645 
1867°66140 
1868°63032 
1869 60209 
1871°94778 


1875'26358 


— 


— 


>t 

wo 
to 
Or 
Je) 


@ 


Three cases are presented for comparison. Figures 1, 3, 5, 
show the model placed in three positions, corresponding to the 
eclipses of Jan. 1, 1889, August 29, 1886, and July 29, 1878. 
Figures 2, 4, 6, represent these coronas, as drawn from the 
photographs. 


185° 29 
344 6 
295 35 
99 12 
225 24 

215 19 
336 28 
325 24 
315 2a 

80 32 

206 4 
196 
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1 2. 
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i 

1889A. 1889A. 

3. 4. 
1886 1886. 

5. 6 
\ 
1878, 1878. 
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In making the comparison, it is proper to bear in mind a 
few obvious considerations. The wires that make the rays on 
the model properly represent only stream lines, or portions of 
the streamers of the corona. The curve is true for that part of 
the streamer which springs from the sun at the latitude corre- 
sponding to the axis of the wire. Inasmuch as the coronal 
streamer is large at its base the curvature of the ray must agree 
in all its parts with the lines springing from this region. The 
consequence is that each ray spreads out, as it recedes from the 
sun, to fill all the space occupied by the bounding curves, and 
we see as a result the curious forms of the curves of the cor- 
ona, which are definite and conform to this law. I would pro- 
pose this as a sufficient proof of the truth of the theory, even 
taking it by itself. The rays set into the model do not pretend 
to represent the lines measured for any particular eclipse, be- 
cause it is designed to illustrate the subject only in a general 
way. One ought properly to construct a model for each 
eclipse using the computed (a. @), the codrdinates of the base 
of*the ray. Then photographing this, a comparison could be 
made between the individual lines. The model does not show 
the nebulous, structureless mass of material, which was proba- 
bly thrown up along these coronal lines, and is going through 
other transformations in its return to the sun. We miss also 
the radiant light which passes through this coronal matter and 
illuminates it, for the most part in radial lines up to the region 
of the streamers, where it is in a sense shut off, thus producing 
the effect of great equatorial extension. Coronal material may 
accumulate along the equatorial regions for immense distances, 
and then the radiant light streaming through it would produce 
the wings of the corona. It is evident that the quadrilateral 
forms are made by the perspective thickening of the coronal 
belt as it passes round the side of the sun. The polar rays are 
the individual streamers seen in projection. 

The reproduction of the eclipse photographs is necessarily 
such as to diminish very much their availability as objects of 
comparison. This should in fact be made with the glass nega- 
tives. Still it is easy to infer that there is an agreement in 
the following respects: (1) as to the general inclination of the 
corona as a whole to the piane of the ecliptic; (2) as to the 
general distribution of the larger and the smaller sides, sup- 
posing that the nebulous matter is supplied to the model by 
the imagination; (3) as to the trend of the stream lines 
wherever they are seen. Wedo not pretend to show all the 
individual lines, nor all the special solar outbursts in loco, nor 
do we pretend to account for all the imperfections of the pho- 
tographs or drawings. Those which are composite, or which 
are halated, or which are inadequate, must take their chances. 


i 
f 


10 F. H. Bigelow—Solar Corona. 


This comparison shows, however, that it is not the equatorial 
extensions which are interesting in this connection, but chiefly 
the individual stream lines which can be subjected to measures, 

Up to this point we have not been dealing in speculations, 
but in legitimate scientific data and their results, There are, 
however, two probable conclusions so apparent that I will not 
abstain from mentioning them. 

If we regard these coronal streamers as the paths along 
which the sun is throwing off a portion of its energy, and 
consequently along which its material substances are being 
transported, whatever may be their physical conditions, we 
have only to suppose that near the extremity of these extremes 
these conditions change by loss of energy, cooling, condensa- 
tion, and so on, so that the repulsive power is lost and the 
gravitation of the sun sets in to take its place. What becomes 
of this material that has been ejected from high latitudes at 
the surface of the sun into high altitudes above the equatorial 
belts? Obviously it must descend again; the heavier or denser 
vertically, and as the model shows, this will fall directly over 
the sun-spot regions; the lighter or more finely subdivided in 
the ceaseless nebulous equatorial rain, which by its increase of 
angular velocity accelerates the mean daily motion of the sur- 
face of the sun itself, at the time of its impact with it. It isa 
great solar whipping top. Much more might be said to illus- 
trate these statements, and yet but little can be added to the 
model itself in enforcing this conclusion. There is some evi- 
dence shown in the table of the angle @,, giving the polar dis- 
tances of the base of the streamers for the three eclipses, that 
the coronal belt has a motion in latitude on the surface of the 
sun, those of 1889 being more than a degree nearer the poles 
than that of 1878. This movement in latitude is illustrated by 
the motion of the maximum zones of the terrestrial aurora in 
latitude, and might be expected in view of the periodic nature 
of the activity of the sun, especially in the 11-year period. This 
fact would point to a more considerable motion in latitude of 
the ends of the streamers, by reason of the curvatures, and 
hence of the sun spots themselves, in case they are due to 
material coming from such a source. 

It is not unlikely that we shall sometime be able to pene- 
trate yet deeper into the mysterious nature that is implied in 
this most wonderful mechanism of the sun. We may well 
believe that it expresses the type of the common history 
through which all celestial bodies have to pass, in the process 
of construction and cooling. The aurora is an indication of 
this system on the earth, the residual ‘being the permanent 
terrestrial magnetism. Now that we see more clearly the ele- 
ments of the problem, it will be easy to construct a rigorous 
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solution, including the eccentricity of the center of polarization, 
the inclination of the axis of polarization to the plane of 
reference, besides such corrections as may arise from refraction, 
or diffraction or photography. The importance of the problem 
will certainly justify us in trying to take good photographs of 
the streamers at the future eclipses. 


Art. I].—Newtonite and Rectorite 10 new minerals of 
the Kaolinite Group; by R. N. Brackett and J. FRANcIS 
WILLIAMS. 


[Published by permission of the State Geologist of Arkansas. ] 


THE object of the following paper is to briefly describe two 
hydrous silicates of alumina, which we have every reason to 
believe have not before been observed, and to call attention to 
the relation of these new compounds to other members of the 
group. 

As is well known and generally admitted the commonest 
substance of this class, kaolin, or when crystallized called 
kaolinite, approaches the composition represented by the for- 
mula Al,O,.2Si0O,.2H,O, and has the percentage composition : 

SiO, 46°50 Al,O, 39°57 H,O 13°93 = 100. 

Considering half of the water basic or as water of constitu- 
tion and dividing the formula by two, the constitution of kao- 
linite may be represented as follows :* 

_OH 


si—O_ 
~O—Al +4(H,O). 
‘O- 


As there is reason to think that all the water represented in 
the original formula should be regarded as water of constitu- 
tion, the formula would become: 


_OH 
Si—OH 
O 
al —o—AI—o 
or writing this in the form suggested by F. W. Clarke in his 
paper on ‘the Strneture of the Natural Silicates,+ the following 
formula is obtained : 
* Kaolinite is thus regarded as a derivative of normal silicic acid Si(OH),, anal- 
ogous to a similar compound . 2Si02. . mentioned by Remsen. Inor- 
ganic Chemistry by Ira Remsen. American Science Series—Advanced Course. 


New York: Henry Holt & Company, 1889, p. 576. 
+ Bulletin of the U.S S. Geological Survey, No. 60, Washington, 1890, p. 16. 
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_OH 
Ai—siO, =H, 
=Al. 


Either of these formulas suggests the possibility of the exist- 
ence of other hydrous silicates of alumina closely related to 
kaolinite, and indeed differing from it only in the presence of 
a larger or smaller proportion of water, while the relation of 
the silica to the alumina remains constant. 

It is readily seen that three other hydrous silicates of 
alumina may be derived by eliminating one molecule, or intro- 
ducing respectively one and two molecules of water into the 
formula, and that thus the following series would be formed : 


Formulas, Percentage composition. 
Al,0; 
.28i0,. H,O 42°52 49°99 7°49 
. 2810, . 2H,O 39°57 46°50 13°93 
. 2Si0, . 3H,O 36°98 43°47 19°55 
. 2810, . 4H,0 34°72 40°82 24°46 


Of this series of four theoretically possible hydrous silicates 
of alumina only one, No. 2 of the series, ordinary kaolin, has 
been described, so far as we have been able to find in the lit- 
erature at ourcommand. From many of the published analyses 
of halloysite, this mineral might be supposed to correspond 
with No. 4 of the series, but, as will be shown below, this cor- 
respondence is only apparent. 

This series will be designated as the Kaolinite Series,* and 
will inelude the Kaolinite Group, which was first established 
by J. D. Dana in 1858+ under the name of the Hadlloysite 
Group, but was afterwards called the Kaolinite Group by the 
same author.t The object of forming such a series is to classify 
if possible the already existing members of the kaolinite group, 
most, if not all of which will be found to fall under kaolinite ; 
and at the same time to have a definite place into which to put 
any new minerals of this class which, like rectorite and newton- 
ite, may from time to time be found, and which would at 
present hardly be classed under kaolinite itself if their water 
of constitution was properly determined. It is the hope of the 
authors to be able in a future paper to show the true chemical 
composition and microscopic structure of many minerals now 
existing as members of the kaolinite group ; and toassign them 
to their proper place in the above-mentioned series, by rede- 

* The word series is not used here in the sense in which it is generally applied 
in the natural sciences, but as it is emploved in mathematics to describe a se- 
quence of similar terms which bear some definite relation to each other. 

+ This Journal, I!, vol. xxvi, p. 361, 1858 

¢ System of Mineralogy, J. D. Dana, 5th edition, 1868. 


Al, 
2) Al, 
tS) 
(4) Al, 
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termining their water of constitution under the conditions 
mentioned below. 

Since kaolin approaches the composition represented by the 
formula ascribed to it only when it has been dried at about 
110° C., and from the facts mentioned below regarding halloy- 
site, we propose to consider the whole series as based upon 
analyses of material dried at 110° C. or thereabouts. 

Considering the series in this way, at least one and probably 
two hydrous silicates of alumina lately analyzed in the labora- 
tory of the Geological Survey of Arkansas fall into this series. 
One of these corresponds to No. 4 and the other possibly to 
No. 1 of the series. 


Newtonite. 


The first compound which will be described, and that which 
suggested the series given above, is found on oo. Creek in 
the northern part of “Newton county (16 N., 23 W., section 1), 
in the State of Arkansas. At this place a mineral claim was 
laid and a shaft opened in 1889 by Mr. W. S. Allen of Har- 
rison, Ark. The rocks of the region are for the most part 
sandstones and shales of the Barren Coal Measures, while the 
opening itself seems to penetrate some of the limestones of the 
Lower Carboniferous series. At a depth of eight feet this 
form of kaolin was found imbedded in a dark gray clay, 
through which it is scattered in lumps which vary from a few 
ounces to forty pounds in weight. Iron and a little manganese 
are also said to occur in the opening. Samples of the material 
were kindly furnished the Geological Survey of Arkansas by 
Mr. Allen, the proprietor of the claim. 

On account of its occurrence in Newton county we propose 
the name Newtonite for this, the fourth member of the 
Kaolinite Series. 

Newtonite is a pure white, soft, compact, homogeneous sub- 
stance, and both chemical analysis and microscopic examination 
show it to be a remarkably pure substance. It is infusible 
before the blowpipe, and when in the form of a powder it has 
a specific gravity of 2°37. It is only slightly attacked by boil- 
ing concentrated hydrochloric acid, but boiling concentrated 
sulphuric acid decomposes it almost. completely, with a separa- 
tion of silica. It is also decomposed by a boiling saturated 
solution of caustic potash with the formation of a compound 
insoluble in water but easily soluble in cold dilute hydrochloric 
acid. (See below.) 

Quantitative chemical analyses of newtonite gave the follow- 
ing results : 
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O° ‘54 
trace 
0°99 
0°73 


100°00 100°85 
Water at 110°-115° C. 5°83 5°44 


If the impurities be disregarded and the silica, alumina and 
loss on ignition in analysis I be recalculated to 100 per cent, and 
the same be done in analysis II, after first bringing the whole 
to 100 per cent, the following figures are obtained: 

Ta. Theory for Al,03.2Si02.4H,0. 
SiO, 39°76 40°88 40°82 
AiO, .. 36°01 35°85 34°72 
Loss on ignition.. 24°23 23°27 24°46 


100°00 100°00 100°00 


Although this compound closely resembles ordinary kaolin 
in its chemical properties, it shows thus a marked difference 
in composition, by containing for the same amount of silica 
and alumina double the quantity of water usually found in 
kaolin. 

That an apparent similarity exists between newtonite and 
halloysite when a comparison is instituted between the analysis 
of newtonite calculated on the material dried at 110° and the 
published analyses of halloysite where it is not stated whether 
the calculations are made on the air-dried material or that dried 
at the above-mentioned temperature, is shown in the following 
table : 


Newtonite. Halloysite (Indianaite.) 
Ta. IIa. ITT. 


40-882 39°35 38°90 
35°851 36°35 37°40 
Loss | ‘on ignition _ 24°23 23°267 22°90 23°60 


100.00 100.00 98°60 99°90 
"40 CaO 
99°00 
Analysis III is of a soft and IV of a hard, white variety of 
halloysite called indianaite.t H. Pemberton, Jr., who made 


* Alkalies by difference. 
+ Report of the Geological Survey of Indiana, 8th, 9th and 10th Annual Re- 


ports (1876-1878), p. 156. See also Sixth Annual Report (1874), p. 15. 


| 

I. II. 
40°22 
35°20 35°27 

Loss on ignition ........ 23°69 22°89 

| trace 

Na,O 
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these analyses, kindly furnished the information that the cal- 
culations are made on the azr-dried materzal, and that in analy- 
sis III, 8-68 per cent of the loss on ignition is given off at about 
110° C. 

If analyses Ia and Ila be caleulated to the air-dried mate- 
rial the difference between them and the published analyses of 
halloysite is clearly shown, as is evident from a consideration of 
the following tabie : 

Ib. IIb. Halloysite. 
SiO, 36°83 37°96 39°35 
Al,O, 33°34 36°35 
Loss on ignition 24°22 23°26 14°22 
Water at 110°-115° C. -.. 5°53 5°44 8°68 (at 100° C.) 


100°00 100°00 98°60 


If it be assumed that the 8°68 per cent of water in halloysite 
is partly hygroscopic and partly water of crystallization, this 
mineral would have the composition of kaolinite containing 
one molecule of water of crystallization. Judging from the 
newtonite:‘ analyses [b and IIb, this substance would, under 
like circumstances, have one molecule of water of crystalliza- 
tion, but would be represented by the formula A],O, . 2SiO, . 
4H,O+aq, while the composition of halloysite would be ex- 
pressed by the formula Al,O, . 2SiO, . 2H,O+aq. 

Ordinary kaolin usually contains less than one per cent of 
loosely combined water. Hydrous silicates of alumina have, 
however, been analyzed in this laboratory, which have given off 
as much as five per cent of water at 110° C., but which differ 
from ordinary kaolin in no other respect, and it is probable 
that differences in origin and occurrence will account for these 
varying amounts of loosely combined water. 

A thin section of newtonite under the microscope when 
viewed only with low powers appears as a perfectly amorphous 
substance but when magnified to four or five hundred diam- 
eters it shows that it is entirely made up of minute rhombs or 
squares. The largest of these are not more than 0-005" (xa455 
of an inch) on an edge, while the smallest appear to be about 
half that size. Sometimes they seem to form perfect squares 
but in the majority of cases the acute angles have values rang- 
ing from 88° to 89°, as nearly as could be measured. There 
appear between these minute figures blank spaces where nothi- 
ing can at first be seen, but by sinking the microscope tube 
somewhat, so as to focus a little lower down, an entirely new 
set of rhombs is discovered, while those above go out of focus. 
At first sight all the rhombs appear as squares and show small 
indistinct lines running from their corners toward the ¢enter, 
giving the appearance of the hopper-shaped crystals of salt. 
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In addition to this there is a white rim about the edges which 
gives them the appearance of being higher than the rest of the 
surface. The cause of this is, however, not due to any mark- 
ing or relief on the surface but probably to internal reflec- 
tions whose origin it is hard to deteet. 

In polarized light the rhombs extinguish sharply parallel to 
their diagonals, thus showing that they are faces of some 
anisotropic material and not, as might be supposed, sections of 
cubes which had been cut more or less obliquely. 

If these rhombs and squares are sections of rhombohedrons 
then one would expect to find also plane triangles correspond- 
ing to sections perpendicular to the principal axis. This, how- 
ever, is not the case and only in a very few instances have any 
triangular forms been found and even then they are very in- 
distinct and appear to be not in the upper surface of the plate 
but somewhat lower down. It is probable that in making sec- 
tions of this material the individnal crystals are not cut, but 
are either rubbed away entirely, or are left undisturbed, so that 
what are seen under the microscope are not sections but crystal 
faces. By means of a selenite plate the positions of the axes 
of greatest and least elasticity were determined, and were 
found to lie respectively parallel to the shorter and longer 
diagonals of the rhomb. 


By powdering some of the material and allowing it to settle 
out from water, similar rhombohedral crystals were obtained. 


Rectorite. 

The second hydrous silicate of alumina, which is also to be 
regarded as new, is found in the Blue Mountain mining dis- 
trict in Marble Township, Garland county, 2 North, 19 West, 
section 27, about 24 miles nearly north of Hot Springs. It 
occurs in deposits which are very narrow near the surface but 
increase to the thickness of a foot or more in descending nine 
feet. Several such deposits have been found. The wall rock 
is sandstone probably of Lower Silurian age. Specimens of 
this mineral have been furnished by Messrs. Ware and Arnold 
of Hot Springs, who are interested in developing the deposit. 

We propose the name /ectorite for this, the first member of 
the Kaolinite Series, in honor of Hon. E. W. Rector, of Hot 
Springs, Ark., who originated and has so unceasingly supported 
in the State Legislature the bills providing for the Geological 
Survey of Arkansas. 

Rectorite, when pure, is a soft, white mineral occurring in 
large leaves or plates and resembling very closely in form that 
variety of asbestos known as “mountain leather,” and at the 
same time having somewhat the soapy appearance of steatite. 
Parts of it are often pure white, while other portions are 
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stained with hydrous oxide of iron and present a reddish-brown 
appearance. The sheets tear apart easily and are very flexible 
and perfectly non-elastic. Some specimens of this mineral 
have been obtained through the kindness of Mr. Charles F. 
Brown, of Hot Springs, in which fine doubly terminated quartz 
erystals are imbedded. Some of the latter are at least one and 
a half inches in length and when surrounded by the rectorite 
form very beautiful ‘and striking specimens. The hardness of 
rectorite is less than that of tale—say 0-5—although this is 
difficult to estimate exactly. When heated in the flame of a 
Bunsen burner it loses water and becomes brittle. It is infusi- 
ble before the blowpipe. Its behavior when treated with sul- 
phurie acid and caustic potash will be explained below. 
Two quantitative chemical analyses gave the following per- 
centage composition calculated on the material dried at 110° ©. : 
Vs Vi. 
52°72 52°88 
36°60 


Water at 110° C. .... “7§ 8°33 


If these analyses be brought to 100 per cent, then all save 
silica, alumina, and loss on ignition be disregarded and the 
analyses again calculated to 100 per cent, the following figures 


result : 
Theoretical for 
Via. Al 203 H,0. 
SiO. 54° 55°01 49°99 
Al,O, 37°6S 36°96 42°52 
Loss on ignition ? 8°03 7°49 


100°00 100°00 100°00 


If the ealeulations be made on the air-dried material the 


following figures are obtained : 
Vib. 
50°18 
33°72 
cans ‘on ignition 7°32 
Water at 110°-115° C. 8°78 


100°00 
Am. Jour. So1.—TuHixD Series, Vout. XLII, No. 247.—Juty, 1891. 
2 


MgO } once determined { 0°51 0°51 
0°26 4 
Loss on ignition ............. 7°76 7°72 
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If the water given off at 110°-115° C. be regarded mainly 
as water of crystallization it is evident that it corresponds to 
one molecule, and the compound would have the formula, 
Al,O, . 2Si0, . H,O+aq. 

Under the microscope a cleavage plate usually shows a few 
spots where it is evident that only one plate is included in the 
thickness, while the most of the section is made up of two or 
more plates lying one over another. In the single plate there 
is one comparatively distinct system of parallel lines in the 
direction of which a sharp extinction takes place. There is 
usually also a much less distinct system of lines which lie at 
nearly right angles to the first.* In the thicker portions of 
the plate two or more such pairs of line systems are often 
found superimposed one upon the other. In such cases the 
extinction parallel to either system is very indistinct. 

The index of refraction is low—lower than that of Canada 
balsam—and the peculiar structure of the plates gives to the 
thin section, especially when viewed without the microscope, a 
peculiar undulating and glistening appearance. 

In convergent polarized light, the simple plates show a strong 
double refraction, and give very beautiful biaxial interference 
figures. The acute bisectrix appears to stand perpendicular to 
the cleavage plane.t The angle between the hyperbolas varies 
much in size, in some cases being not more than 5°, and 
in others approaching nearer to 15° or 20°. The rings about 
the axes join each other forming ellipses so that the determina- 
tion of the dispersion of the axes and bisectrix is uncertain. 
It appears, however, as if the angle for red were greater than 
that for blue, p>v. Dispersion of the bisectrix appears to be 
wanting. The fact that in many cases two plates lie one over 
the other gives rise to apparent optical anomalies which are, 
however, only caused by this superimposition. Thus in some 
cases beautiful examples of what is known as the “ optical 
spectacles ” (Optische Brillen) may be observed. 

Among the inclusions of foreign material which appear in 
this substance may be mentioned the following: The hydrous 
oxide of iron, which has already been noted, appears in small 
round masses or globules, which are for the most part deposited 
between the individual plates of which the mass is made up. 
Some member of the pyroxene or amphibole group has also 
been observed lying in the cleavage planes. 

These impurities occur in sufficiently large quantities to 
exert a decided influence over the results of the chemical 

* 86° and 88° have been measured, 

+ A plate cut at right angles to the cleavage plane seemed to show extinction 
parallel and perpendicular to that plane, but owing to the wavy form of the plate 
it was impossible to determine it accurately. 
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analyses so that the discrepancy between them and the eal- 
enlated formula may well be ascribed to this cause. There 
was, however, no mineral detected which would account for 
the relatively large amount of alkali shown by the analysis, 
and it is possible that the soda should be considered as replac- 
ing some of the water and be brought into the formula. Fur- 
ther investigation will probably throw some light on this point. 

In view of the relatively large quantities of quartz of both 
macroscopic and microscopic dimensions, which have been 
observed intermixed with the rectorite, it may be allowable to 
consider the excess of silica found in the analyses as due prin- 
cipally to this cause. By recalculating the analysis after de- 
ducting just enough silica to bring that constituent down to 
the theoretical amount, the following percentages are obtained : 

Theoretical for 
Ve. Vie. . 28102. 


Total 100°00 ~=100°00 100°00 


In order to determine whether or not the soda found in the 
analyses really belonged to the rectorite, the following experi- 
ment was made. The mineral, in small flakes, was digested 
with concentrated hydrochloric acid for two hours on a sand 
bath. It was then washed and filtered, and the residue was 
boiled with sodic carbonate in order to remove any separated 
silica. The remaining substance. was then washed with water, 
hydrochloric acid, and again with water, and was finally 
heated before the blast lamp. A portion of this dried and 
purified material was then analyzed with the following result : 


It appears from this that about half of the alkaline impuri- 
ties were removed, but that the silica and alumina had approx- 
imately the same relative values as before. If the theoretical 
amount of water be introduced into this analysis, and the 
silica be diminished as in the preceding case, the analysis then 
expresses very nearly the theoretical composition. 


Vil. 
Impurities (undetermined) 2°37 
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Many points of similarity appear between rectorite and kao- 
linite, but in view of the peculiarity of the form which it 
assumes, and on account of its chemical composition, it is prob- 
able that it should be considered as a separate mineral. 

In confirmation of the above opinion the statements of two 
manufacturers of ceramics to whom specimens of rectorite were 
sent for firing may be quoted. 

Homer Laughlin, Esq., of East Liverpool, Ohio, writes: 
“The sample of what you call kaolinite, sent me, was duly 
received, and carefully examined and tested under fire. The 
mineral is neither kaolin nor kaolinite, but just what it should 
be called I am unable to say, never in all my experience hav- 
ing seen any mineral of its kind. Unlike kaolin it will not 
dissolve* in water. It burns a white color and becomes very 
vitreous and strong. It cannot be finished with a smooth face 
or skin, but roughs up like a blotting pad. It is certainly a 
very interesting and curious mineral, but I can think of no 
use for it in ceramic manufacture unless it could, after careful 
experiments, be made into novel ornaments.” 

Messrs. Oliphant & Company of the Delaware Pottery, 
Trenton, New Jersey, write: “ Your sample of kaolinite came 
out of the kiln to-day, and would say that we are unable to 
make any report upon it. We do not know just what it is, 
therefore cannot say anything about its quality or market 
value.” 

It appears therefore from the above that its physical proper- 
ties when subjected to heat do not correspond to those of 
kaolin. 

Experiments were made in the laboratory on the relative 
solubility of newtonite and rectorite, and at the same time 
upon some specimens of true kaolin in the following manner : 

The fine powder of the various substances was boiled with 
10° of concentrated sulphuric acid for five minutes, after hav- 
ing been digested with it for three huurs on a sand bath. It 
was then diluted, decanted, treated with a strong solution of 
potassium carbonate, washed with water and hydrochloric acid, 
filtered and weighed. In all the cases, the results were very 
similar, so much so in fact that no characteristic differences 
could be detected. 

When treated with caustic potash the results were somewhat 
different in the different cases. Powder from each specimen 
was boiled with 10° of a saturated solution of caustic potash 
for 20 minutes, diluted, filtered, washed and treated with dilute 
hydrochloric acid. The white floeculent residue which re- 
mained after the treatment of the powder with caustic potash 

* Mr. Laughlin does not mean dissolve in the chemical sense of the word, but 
disintegrate into a fine powder which remains partly in suspension. 


C. K. Wead—Intensity of Sound. 21 


dissolved readily in cold dilute hydrochloric acid in all cases 
except that of rectorite. In order to dissolve the residue from 
the latter it was necessary to use much stronger acid and even 
then the solution was not complete. The composition of this 
residue has not yet been determined. 

From the foregoing facts and considerations, it is probable 
that three members out of the possible four, making up the 
above described series, are known, and _ the present status of 
the Kaolinite Series may therefore be concisely stated as 
follows : 


KAOLINITE SERIES 
. Rectorite Al,O,2Si0,H,O +.aq. Monoclinic (?). 
2, Kaolinite and members Al 0. 2Si0,2H,0 Monoclinic or 0. 
of the Kaolinite Group Al, ‘28i0, 
Al.O. 28i0, 3H,0. 
4. Newtonite....-...... Al, 28i0, 4H,O+aq. Rhombohedral. 


In the case of other hydrous silicates of alumina, as well as 
of magnesia and other bases, similar homologous series could 
be formed, which would tend toward a more systematic 
arrangement of the species than now exists. 


Chem. and Petrog. Laboratory of the Geol. Survey of Arkansas, Dec., 1890. 


Arr. IIL.—On the Intensity of Sound.—II. The Energy 
used by Organ Pipes ; by CHARLES K. WEAD. 


[Read in abstract at the Philadelphia meeting of the American Association, 1884.] 


In a former paper* the case of a vibrating tuning fork has 
been considered as an important example of sounding bodies 
that gradually expend the store of energy originally imparted 
to them. We have now to consider one of the class that can 
store up little or no energy, viz: an organ pipe; and have 
therefore to determine, not the rate of loss as with the fork 
and piano-string, but the rate at which energy is supplied to 
the system from without. The experimental problem is very 
simple, and it seems strange that it has not been completely 
worked out. 

The literature of the subject is very slight. Lord Rayleigh,t 
in an oft-quoted experiment, measured the pressure and volume 
of air supplied to a whistle of 2740 d. v., and so found the 
rate of consumption of energy. Several years earlier Mr. Bo- 
sanquet in a very interesting and valuable paper discussed the 
relative amount of energy supplied to the several pipes of an 

* This Journal, xxvi, 177, Sept., 1883. ¢ Phil. Mag., xliv, 1872. 
+ Proc. Roy. Soc., xxvi, 248. 


22 C. Wead—Inte nsity of Sound. 


Open Diapason stop in an organ, but gave no absolute amount. 
He assuines as a matter of general knowledge that an organ 
builder furnishes a series of pipes of sensibly equal loudness 
(and quality) throughout the scale; he quotes what he calls 
Toépfer’ s law, that the consumption of wind by pipes belong- 
ing to the same stop varies directly as the length of the pipe, 
and confirms it approximately by experiments ; and so he con- 
cludes that the amount of energy per second necessary to pro- 
duce sounds of equal loudness under similar conditions varies 
inversely as the vibration-frequency. On the other hand M. 
Allard* makes the assumption that the energy per second 
needed to maintain a sound just audible at a given distance 
varies directly as the vibration-frequency, and finds a satisfac- 
tory confirmation of his views in the experiments on the range 
of fog-horns made by various lighthouse boards. But the con- 
dition of the observer will be very different in the two cases ; 
so they are scarcely comparable. 

The experiments now to be detailed and discussed are sufti- 
ciently numerous and exact to disprove this alleged law of 
Toépfer’s, so far at least as one organ is a fairs sample of all. 
They were performed on a Hook and Hastings No. 11 Organ 
in the Congregational Church of Ann Arbor, Mich.; this 
instrument has two manuals of 58 keys each from C to a”, the 
great organ having 9 stops—the seven to be named in table J, 
a 2%’ twelfth and a 3 rank mixture. The pressure of wind 
was very exactly 3 inches of water, and the total capacity of 
the bellows about 35 cubic feet ; this quantity of wind would 
leak out in about 3 minutes. 

The only method of experiment available, unless one has a 
very large gas-meter at his disposal, is to fill the bellows and 
determine the time needed for the whole or any definite part 
of its contents to leak out; then determine similarly the time 
when one or more pipes are sounding. For example, 12 eu. 
ft. (=A) of air are used; if this leaks out in 60 seconds the 
leakage is A+60='20 ecu. ft. per sec.; if when a pipe is 
sounding the time is 24 sec., the flow is then A+24=°50 eu. ft. 
per sec., and the pipe consumes the difference, that is 0°30 cu. 
ft. per second ; if this is supplied under a pressure of 3 inches 
of water =15°6 lbs. per sq. ft., the energy used by the pipe 
='30x 15°6=47 ft. Ibs. per sec. In this way the computa- 
tions have been made for the tables. 

Mr. Bosanquet limited his work to observing the times, and 
finding the difference of their reciprocals, thus getting the 
desired relative values. He used a string pendulum, ap 
the time needed for the bellows to empty itself, the “ feel” 
the blowing lever indicating when the bellows is full or ae. 


* Comptes Rendus, xev, 1662. 
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But the numbers he gives, especially for leakage, show such 
wide variations as to throw great doubt on the accuracy of the 
method. Therefore two modifications were made: first, a 
stop-watch indicating eighths of a second was used; and 
second, the movement of the wind-indicator above the key- 
board was observed through a space of 50"; to be sure only 
about one-third of the wind was used, but it is absolutely 
uecessary to allow 10 to 20 seconds to elapse for the subsidence 
of the strong vibrations set up in the top of the bellows by 
the act of pumping. It was sometimes found that though no 
key was pressed the leakage was different according as the stop 
was drawn or closed, especially with one of the pedal stops. 

One further modification of method was made: since the 
leakage is more than the amount of wind consumed by any 
single pipe, except a few of the largest, the influence of errors 
of observation was diminished by combining several pipes so 
that they might all sound at once; two ways of doing this 
were tried : 

1. A single stop was drawn, and several consecutive white 
keys, usually eight, were held down by a loaded block; thus 
we find the relative consumption of wind by different stops, 
or by pipes of the same stop in different parts of the scale. 
See table I. 

2. Several stops were drawn as in ordinary playing, and a 
single key held down by a wedge. In this case each pipe re- 
ceives less wind than when no unison pipe is near, a fact long 
known and further established by these experiments; but we 
may still find the relative wind-supply in different parts of the 
scales. See table II and part of III. 

Most of the results of the work can be given best in tabular 
form. In the tables the names of the stops need no explana- 
tion; where 9 stops were drawn they comprise all the stops 
drawn by the forte composition pedal, including the 7 named 
separately, a twelfth and a 3-rank mixture. The notation of 
the keys is used consistently always referring to the key, not 
the pitch, c’ corresponding to middle e(=268 d. v.) when an 8’ 
stop is drawn ; it will therefore be seen that the absolute pitch 
of all the notes in the lower part of table I is the same; while 
in the next table pipes of five different lengths, besides the 
mixtures will respond to a single key. L of course means 
leakage. The time given is the mean of from 8 to 8 observa- 
tions: these agreed so well that the probable error of the 
mean is very rarely 1 per cent: take two examples at random ; 

Table III C 224, 226, 226, 225; mean 22°66 sec. 
C-c 63, 63, 68, 63, 62; mean 6°375 sec. 
The following columns contain respectively 1--¢, and this 
quantity diminished by the leakage: this remainder represents 
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that fraction of the total volume of wind which goes to the 
pipe: the total volume was found by measuring the bellows 
and the distance it fell while the indicator moved 50 mm.; 
this was 11:9 eu. ft.=337000 cc. (say 3:4 x 10°ee.) with an uncer- 
tainty of 1 or 2 per cent on account of the folds: this uncer- 
tainty, however, does not affect the relative values given in the 
tables, for it is an uncertainty in our knowledge, not in the 
action of the bellows. 


TABLE II.—NINE Stops DRaAwN; ONE KEY DEPRESSED. 
July 21. 


4. 
V. Comp. V. +5. +5. Energy. 


C. ergs. sec. 
sec. 3°4x10°x 34x105x percent. 10°x 
67°37 | 0148 
12°35 , 0810 0662 "0652 
12°94 0625 *0625 
13°32 ‘0751 0603 0598 
13°03 ‘0767 0619 0573 
15°25 ‘0656 0508 0549 
14°56 ‘0687 0539 0526 
15°69 *0637 0489 0504 

16°00 -0625 0477 0483 
16°79 °0596 “0448 0463 
17°08 -0586 "0443 
17°21 *0581 0433 "0424 
18°65 "0388 
17°58 “0390 

Mean 


Energy. +t. ; Energy. 


ergs. sec. c. ergs. sec. 

| x 105x 10° x 3°4x i05x 10° x 
‘77°37 24°29 :0412 “0286 71 
17°87 :0560 24°37 “0285 71 
118°69 °0535 2 26 04 :0384 0259 65 
|20°54 ‘0487 "0359 22°83 -0438 ‘0313 78 
21°21 °0471 “0344 27°33 °0366 60 
23°25 ‘0303 26°79 °0373 62 
24°21 °0413 -0286 7 80°81 ‘0124 
24°10, 0415 “0289 


The energy is found by multiplying the volume by the pres- 
a, which was 15°6 lbs. per sq. ft. or 7°6 gms. per sq. em. 
. Total energy =11°9 x 15°6=186 ft. lbs.=25x 10° ergs. 
By this multiply the fractions in columns headed V, as col. 6 
table I. 


is 2. 3. 
Key. 
L 
C 
OF 
D 
F 
G 
(x 
A 
B 
L 
July 28. | 
i, 2. 3. 4, 8. Wn 2. 3. 4. 8. ~ 
Key. 
L 
d 
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The numbers in the column ratio (except in table IV) are 
found by dividing the number against which they are placed 
by the preceding one; if Tépfer’s law were true these ratios 
would be for the octave everywhere ‘500. 


TABLE II[I.—-MISCELLANEOUS. 


6. 7. 
Ratio. Energy. 


ergs. sec. 
3°4 x 10° x 10° x 

0144 

0441 ‘0297 
‘0350 ‘0206 
.0301 
‘0299 ‘0155 
"0281 0137 
‘0263 ‘O119 
0253 "0109 
‘0309 
"1569 *1425 
‘0144 
°0549 0405 
0376 "0232 
‘0284 "0140 
*0229 0085 
0142 
0808 ‘0667 
0557 0415 
"0385 0243 
"0292 "0150 
"0224 ‘0083 


8’ Open Diapason, 
Melodia, Dulciana | 


9 
4: 
7 
1 
2 


0124 
‘0805 ‘0681 
é 2: 043 ‘0306 
g'# 3746 +0267 0143 


‘92 -0209 "0085 


In several cases the results have been discussed mathemat- 
ically and thus a computed value of V’ is found (T. I, col. 8; 
T. II, col. 5): in these cases an exponential formula was as- 
sumed similar to that for the vibration-frequency of the tones 
in a tempered scale, and the logarithmic formule derived from 
it were combined by the method of least squares; thus 

yr V 
logy + nlogr —log V=0 
Whence (n+1) logy + 2(n)logr — 2(log V)=0 
log y + 2(n?) log — S(nlog V)= 0 

The values of 7 thus found are collected in table [1V. The 
difference between the computed and observed values of V is 
divided by the former and the quotient, as a per cent, is placed 


Stops drawn. Key t 
16’ Bourdon ......... L 69°44 
C 92 66 
D 28°59 
E 33°22 
F 33°50 
C 35°59 
A 38°04 
B 39°58 
C 32°37 
C-« 6°375 
C 
c 
C 37 
00 
34°25 
| 44°62 
170 
"467 36 
‘592 21 
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in a following column. To obtain V” in cols. 10 and 11, table 
I, the ratio was assumed as 4/1. 

Observations of the same quay on different days agree to 
within a few per cent (e. g. key C with 9 stops, -0662, 0667, 
0681) but since they differ more than the probable error of a 
single day’s observations the results in the different tables 
should not be combined if accurate relative values are desired, 
nor should results in the same table be combined unless they 
are based on the same value of L. The data for table I were 
obtained in April and May, 1883, and are not quite as accurate 
as the data obtained in July, 1884, for the later tables. 

Conclusions.—The results of experiments with diferent 
stops are shown in table I It is very clear from them that no 
exact or important conclusions can be drawn from the loudness 
of the sound as to the relative quantity of wind required to 
blow pipes of different construction: thus, the soft Dulciana 
takes more than half as much wind as the comparatively loud 
Open Diapason (102+188). Again, the Trumpet stop in this 
organ is voiced very loud, yet its pipes require absolutely less 
energy than any others that sound the same note: this is a con- 
clusive proof that a reed-pipe has a much higher efficiency as a 
wave-producing mechanism than a flue pipe. 

The results on different pipes of the same stop or of the 
same combination of stops are shown in all the tables ; in table 
I for the eight notes of an octave taken together in various 
parts of the scale, a single stop being drawn ; in table II for 
each of the twenty-five notes in a range of two octaves, nine 
stops being drawn; in table III for various combinations of 
stops. Some of the conclusions from these are very clear, and 
some curious. We must assume with Mr. roth, Bo that a 
set of pipes gives us a series of sounds of the same quality and 
of nearly the same loudness as judged by the ear of an expert, 
and also assume that all pipes of the same stop are equally 
efficient sound-producers. Now if we recall Tépfer’s law, that 
the consumption of wind varies inversely as the length of the 
pipe, we should expect to find for the octave approximately 
the ratio ‘500, or a little less, since the higher pipes are rela- 
tively larger than the lower ones and so “aust be relatively 
shorter. But not a single ratio can be found in the tables to 
confirm this view ; everywhere the ratio is considerably greater 
than ‘5. The tables give the values in a dozen cases (not i in- 
cluding the Trumpet stop) and from table II a dozen more 
values can readily be found. 

To some of the observations it seemed worth while to apply 
the method of least squares as already said; the several ratics 
found for the octave are given in table IV. 
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If a smooth exponential curve be drawn with these ratios for 
the experiments of table I, where eight keys were depressed 
at once, it will be found to fall below the experimental curve 
in the first and third octaves, and above it in the second and 
fourth octaves in every case examined ; the magnitude of the 
difference is shown in column 9 ; but this alternating deviation 
is not great, and is probably not of imoortance; it does not 
appear in table III, where several stops are combined. 


TABLE IV. 


Range, Number Ratio Av. Difference 
Octaves. equations. per cent. 


Stop drawn. No. keys. 
Trumpet. 8 ‘701 
Open Diapason. 620 
Fifteenth. f : *654 
Bourdon. ‘71 


Three stops. 1 : 595 
Ill Nine stops. ] f 595 
III é 591 
II “5975 


The latter half of table 1V shows that when the stops were 
combined as in ordinary playing, but a single key being pressed, 
there is a remarkable constancy in the value of the ratio for 
the octave however it is determined, and its value for the Open 
Diapason differs little from these latter values. This constancy 
demands an explanation. According to capeee s law we should 
have 50 = ¥1; we do have very nearly Vi = 5946 = 1 + 
1682. This I believe to be an excellent ‘illustration of the un 
conscious recognition by the artist of the physical or mathe- 
matical laws underlying his art. At present we cannot explain 
the law, any more than the laws of the scale could be explained 
before the subject of harmonic overtones was understood ; we 
can only correlate this with the following fact relating to 
organ-pipes—to their diameter, or “scale” as organ-builders 
call it. It is a matter of experience that to produce the proper 
loudness of sound it is necessary to increase the ratio of the 
diameter to the length as the pipe becomes shorter, so when 
the, pitch rises an octave and the theoretical length becomes 
one-half that of the fundamental the diameter is greater than 
half that of the fundamental ; usually we must go to the seven- 
teenth pipe, as from C to e, to find the one of half the diam- 
eter. This is equivalent to saying that in rising 4 octaves the 
theoretical length becomes (4)*, but the diameter (4)3 ; if we 
assume an exponential series all the way up the ratio of diam- 
eters of pipes an octave apart is therefore (4)* or V 4,— the 
ratio already found ; the corresponding ratio for the semitone 


Table. 

I + 7 

I 3°2 

I +10 

J 
+1°4 
+ 2°4 

£7 

+3°4 
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is of course ($)'* = ‘9576. This ratio for the diameters is only 


a mathematical expression of a mechanical fact, there is no 
theory about it. Such a “scale” gives convenient rules in 
practice for laying out the pipes, and satisfies the ear, or it 
would not have found such general adoption. In this organ 
Open Diapason c’ has an internal diameter of 57 min., the e”’ of 
294; the Duleiana ec’ of 31, the e” of 153*. It is not fora 
moment to be assumed that the amount of wind required is 
directly determined by the diameter of the pipe; for the 
organ builder would point out that the shape of the mouth 
is an important factor, and that the voicer or finisher varies 
the amount of wind by plugging the holes through the feet 
of wood pipes, cutting out or closing the feet of metal pipes, 
varying the width of the slit for the wind, ete., till his ear is 
satisfied with the loudness and quality of the sound. But in 
the light of these experiments we must conclude that for 
similar pipes the volume of air used per second, and therefore 
the energy expended per second, varies as the #-power of the 
wave-length of the note, or inversely as the ?-power of the vi- 
bration-ratio; and further conclude that the voicer unecon- 
sciously strives to secure this ratio just as the tuner uncon- 
sciously strives to get the familiar vibration-ratios in the tuning 
of any instrument. It is to be remembered that we cannot 


recognize small differences of intensity with much accuracy. 
Volkman could always detect a difference of 25 per cent; 
Renz & Wolft one of 28 per cent; the latter experimenters 


*In Clarke’s little book on “The Pipe Organ” a simple construction is given 
for finding the diameters of intermediate pipes when the diameters are given for 
two pipes 16, 8, 4, &c. semitones apart. At the ends of any coavenient base line 
AB erect perpendiculars AC, BD proportional to the given diameters and join 
the ends ©, D: Draw the two diagonals of the trapezoid thus formed and erect 
through their point of intersection a perpendicular to the base line. The part of 
this perpendicular between AB and CD is proportional to the diameter of the pipe 
midway between the given extremes, By continuing the construction the diame- 
ters of the other pipes will be obtained. 

A little calculation shows that this gives a harmonic series, and if the first 
diameter be 2, and the seventeenth 1, the series is 32+ 16,17, 18... 31, 32.. 
All of the intermediate quotients are slightly less than the numbers derived from 
the exponential series whose ratio is the 16th root of 4, the value for the 8ve 
being $$ = ‘571 instead of ‘5946. The maximum difference is about 5 per cent—a 
quantity entirely negligible to ordinary ears. 

If a series of pipes were made on this harmonic scale and the quantities of 
wind could be accurately adjusted in the ratio of the diameters, an exponential 
curve deduced from experiments on them would show an “alternating deviation ” 
similar to that referred to above. The sign of the deviation in a given 8ve would 
depend on where the starting point of the harmonic scale was taken. 

The sum of 8 terms of the harmonie series corresponding to the key of C, the 
lowest term being 1, is 5:95: of the same terms of the exponential series 6°19; 
of 13 terms in the exponential series 9°4 Therefore to find the amount of wind 
(or of energy) used by the lowest pipe of any group of eight in the tables divide 
by 6 the amount given for the group. 

+ Pogg. Ann., xevili, 595, 1856. 
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were correct in their judgments about the loudness of sound of 
a watch when held at different distances in only 55 per cent of 
their trials if the ratio of loudness in the two cases (computed 
from the law of inverse squares) was 100:92. In the light of 
such experiments the numbers headed per cent of difference 
in our tables are strikingly small in nearly every case—partly 
of course because of the method of averages we have followed, 
a number of pipes sounding at once in most cases. 

It is interesting to compare the energy used here with that 
of atuning fork. From table IV of my former paper (p. 186) 
it appears that the maximum energy I could give by bowing 
to Kénig’s forks of the middle octave mounted on their cases 
was considerably less than 0°5x10° ergs.; and the maximum 
rate at which energy was lost was about 0°1x 10° ergs. per sec. 
But the Open Diapason pipes of this range (c’—c’’) used each 
from 18 to 30x i0° ergs. per sec., some 250 times as much as 
the fork giving its maximum sound, or from 1,000 to 6,000 
times as much as the fork when giving an ordinary sound. 
About one-millionth of one horse-power would maintain in 
ordinary vibration one of the-e forks; and a tenth of this 
amount gave a sound loud enough to be heard 200 feet in the 
open air. 


There remains one question of some interest: Do all parts 
of the scale seem to the ear to be of equal loudness, especially 
the scale of an organ for which we have found the relative 
intensity of vibration. I find few musicians who have any 
definite impression on the subject; the question is certainly 
difficult, and is perhaps indefinite. If, for example, we call 
that sound the louder which can be heard at the greater dis- 
tance and then compute the energy passing through the unit 
of surface at the limit of hearing, we make the violent assump- 
tion that the efficiency of the two sound-producers is the same. 
If we place the two bodies at the same distance Mayer* has 
shown that the sensation of one sound may be obliterated by 
a lower one that could not be heard as far off as the first. And 
there are other physiological difficulties. In fact the problem 
before us is analogous to the long-standing one of the compari- 
son of two lights of different colors. The problem must, 
therefore, be left as insoluble with our present knowledge; but 
two statements of musicians are of interest in this connection. 
One organist points out that if a piece of music is played on a 
two or three manual organ, the left hand on the swell key- 
board, while the melody is played by the right hand on the 
great, and the swell-boards are opened to give a proper balance 


* Phil. Mag., ii, 500. 
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of tone, the boards will be found to be too widely opened 
when the left hand plays the melody on the great key-board 
and the right on the swell, the stops remaining unclianged. 
Another points out that if, with a single stop or combination 
of stops, one runs over the key-board ascending the effect is of 
a crescendo. This would indicate that the organ-builder in- 
tentionally makes the higher pipes louder instead of keeping 
them of equal loudness as assumed previously, and also shows 
that the ear is more sensitive to high notes than to low ones 
under the conditions in which music is heard, whatever the 
case may be with foghorns heard at sea and reported by Allard. 


Some time after the preceding experiments had been dis- 
cussed and reported on Mr. F. H. Hastings kindly furnished 
the writer with a copy of Tépfer’s great work,* and a sum- 
mary of his views may fitly be connected with this paper. 
Through many hundred pages the author discusses the theory 
of organ pipes and gives formulz for their dimensions, and for 
the quantity of wind they require. He determined this last 
experimentally by the method already described, using a bel- 
lows of 63 cubic feet capacity ; 9 min. 57 sec. were required 
for this volume of air to leak out under a pressure of 3:2 
Weimar inches of water (= 76™"), (II, 95). The experiments 
must have been very tedious with so large a bellows; they are 
open to the criticism that the leakage is greater than the wind. 
consumption of any pipe, except a ‘few of the largest ones; so 
errors of observation make large errors in the final result, as 
previously pointed out. 

The author’s theory on the subject is curious. He says (II, 
65) pipes of equal length consume volumes of wind propor- 
tioned to the squares of their diameter, and those of the same 
diameter quantities inversely proportional to the square root 
of their length, [or directly proportional to the square root of 
the vibration frequency ]. 

Therefore Q=K TL 
Q/L+ D* = K’ = coefficient which measures “intensity of vibra- 

tion.” 
Q./L + area of mouth = K” = coefficient which measures “ sharp- 
ness of tone.” 
Q is expressed in Weimar cu. in. per sec. 
K’ is found to range from 68 to 110, average 85: 
K” from 394 to 536, average 450. 
* J. G. Tépfer: Lehrbuch der Orgelbaukunst. Weimar, 1855. About 1,800 


pages and 130 plates folio. Mr. Hastings calls it “by far the most complete 
book on organ building.” 
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For all the pipes of any given stop K’ and K” should remain 
constant (pp. 99, 112). This assumption underlies his elabo- 
rate table of “normal scales.” But his experiments do not 
seem to establish this constancy. Thus, for the 16 ft. Prin- 
cipal : 

Length. 
20" 
40/3" 
82°6 
K’ 100°4 2 25° 165 tone dull. 

In other cases the values of K’ and K” vary considerably 
without showing any regular increase. 

The second constant, K’’, appears to be in some sense a 
measure of the quality of the note, the note being duller as K” 
is smaller. For pipes of the same length obviously K’ is pro- 
portioned to the mass of air used per unit section of the pipe, 
and so to the energy of vibration at any point wzthin the pipe, 
if we make the violent assumption of equal efficiency for pipes 
of all diameters. In the same way K” is proportioned to the 
energy of vibration at the mouth. But we are not concerned 
with the intensity of vibration iz the pipe; we want the ex- 
ternal effect due to the total cross-section. 

The introduction of the square root of the length has no 
physical meaning or justification that I can discover; but it is 
needed to make all parts of Toépfer’s theory hang together. 
This may be shown as follows: Assuming equal temperament 
and that diameters double at the 17th pipe, and putting @ for 
the diameter of any pipe, the diameter of the nth pipe above 
becomes : 

Ds 
Similarly for length 
L = 5 (4)72 


And for quantities of wind on Tépfer’s assumption 


Q =e 
Q +D= (4) 74 c/a’. + 


1 

Evidently it is necessary to introduce L* to obtain a constant 
factor. 

Tépfer then goes on to establish a “scale” or series of diam- 
eters for a set of pipes. He has found in tables published by 
Dom Bedos in 1766, on whose work his own treatise is largely 
based, that the ratio of sections of pipes differing an 8ve in 
pitch ranges between 1:4 and 1:2; experience shows that 
these are extreme; so it is safe to take their mean 1: V8. 


| a’ = 
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Again, it is found he tells us (p. 153- rer that in practice the 
quantities of wind used are nearly as 1:2 for the 8ve, some- 
times less, and fortifies himself by a quotation from Chladni 
(Akustik, p. 233): that if two tones of different pitch are to 
have equal effect the forces which each vibration exerts must 
be inversely as its vibration-frequency ; but this force is pro- 
portional to the mass of air used ; therefore Q varies inversely 
as 7. 
By the proceeding formula 


Q = K'D'L733 g= 
If the pipes are an 8ve apart L = 2/ and Q = 2¢: 


D? = = D=d V/8=d x 2 

This proof is clearly very unsatisfactory ; but the “scale” 
thus determined, and published by Tépfer in 1832, has been 
largely used by organ builders. By it pipes 4 8ves, 48 semi- 
tones apart, have diameters in the ratio of 1: 8, ~ r pipes 16 
semitones apart, a major 10th, are in the ratio of 1: 

Another scale may be had by letting the 16th pipe "(a semi- 
tones) have the double diameter; the ratio for the Sve is then 
1:3, or more accurately 1:4/16=1:3°032. But the bass 
pipes have too little wind. 

If, on the other hand, the 18th pipe (17 semitones) have the 


double (or half) diameter, the ratio is 1:477 or 1:2: 661; the 
higher pipes are relatively “sharper.” This defect may be 
corrected by cutting their mouths lower, and conversely for 
the low pipes, remembering that for “gleiche Klangstirke ” 
the quantity of wind and therefore the area of mouth must be 
in the ratio of 1: v8 for the 8ve (p. 244). If, in the last case, 
the ratio of height of mouth to breadth be for ea 0:25, it will be 
for 0°23, for 0-41. 

Another scale might be formed doubling the diameter at the 
19th pipe; the same correction is to be made but its execution 
is doubtful. A uniform quality is the first condition in a stop 
{p. 295). 

The —_— then goes on to apply his theories to the laying 

down of several “normal scales ;” these all have 121 pipes, 60 
each way from No. 61 assumed 27” (53™") diameter. In these 
tables we tind, for example, with the ratio of sections: 
1: 4/8 = 1: 2°83, diam. No. 1, 363°2'”; No. 61,27'"; No. 191, 
8/3 = 1:2°67 311°8 27 2°3 
1: 5/2=1:2°5 272°1 27 
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From these 121 theoretical diameters for each scale a consec- 
utive series to be chosen for each stop. He finds in practice 
that for a large number of stops the first ratio is suitable; for 
an ordinary Principal c’ should have the diameter of No. 62 ; 
for a Wide Principal, No. 58 is suitable. But for many stops 
this ratio is not satisfactory ; the tone must be fuller in the 
upper parts; fora given list of stops the ratio 1 : 2°67 is better ; 
the diameter of ¢’ ranges between No. 55 for the Wide Princi- 
pal Bass, and No. 77 for the Viola d’Amour. For the Pedal 
stops and some others he advises the ratio 1:25 

This is a very brief summary of the portions of Tépfer’s 
voluminous work that relate to the physical side of organ 
building. It does not appear that the questions involved have 
been thought out from the standpoint of the physicist, or that 
the author’s views are entirely consistent. Mr. Bosanquet 
credits to Tépfer the law that the quantities of wind belong- 
ing to the same stop vary as the lengths of the pipes. I have 
not been able to find any statement to this effect more definite 
than the one already quoted from p. 153-4, that the quantities 
of wind used are nearly as 1:2 for the 8ve, sometimes more, 
sometimes less; but on p. 200 he gives the theoretical quanti- 
ties for the successive C’s through 9 octaves, and the ratio for 
the 8ve I find to be 1:1°99. But on the other hand he states 
positively, as already quoted, that the quantity of wind must 
be as 1: v8 for the 8ve; that is, as the sections of the pipes 
in his first “normal seale.” In other words, his most detinite 
statement makes the quantities for the 8ve as 1:8; his 
alleged law and Mr. Bosanquet’s experiments give the ratio 
1: Y&, and my experiments give the ratio 1: 8; these 
ratios are as 1: Y64, 716, Y8. While it is unsafe to dogma- 
tize on a matter that must vary according to the circumstances 
of the case, the character of the stop, the location of the pipes, 
the size of the hall where they are to sound, the judgment of 
the finisher, etc., etc., | have no hesitation in expressing my 
belief that the last ratio, or one still nearer unity, will usually 
be found nearer the truth than either of the others. 

Feb., 1891. 


Art. 1V.—New Analyses of Astrophyllite and Tscheff- 
kinite; by L. G. EAKIns. 


I. A strophyllite. 
NEAR the noted ecryolite locality at St. Peters dome in the 
Pike’s Peak region of Colorado, there was found some years 
ago an unusually fine lot of astrophyllite, and in such a pure 
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condition that it was thought a new analysis would be not 
without interest notwithstanding the fact that material from 
the same region had already been analyzed by KGnig.* 

This astrophyllite occurs in large, brittle, micaceous blades, 
golden to brownish yellow in color, and perfectly free from 
admixed minerals, such as zircon; the only foreign matter 
being on the ends or sides of the blades which were in contact 
with the containing rock ; so that pure material for analysis 
was readily obtained. In this analysis the zirconia was sep- 
arated by a modification of the hydrogen peroxide method and 
weighed directly, being subsequently identified qualitatively. 
For comparison with this analysis, those made by Konig and 
by Bickstrém+ are added in the table below. Kdonig’s being 
the one previously referred to, of material from the same 
region, and Biickstriém’s of the Eikahoimen mineral. 


Eakins. Konig. Backstrém. 
Molecular Molecular Molecular 
Analysis. ratio. Analysis. ratio. Analysis. ratio. 


‘001 0°80 “002 
35°23 34°68 33°02 
11°40 1438 13°58 °170 ‘139 
1°21 ‘010 2°20 018 3.65 ‘030 
3°73 "024 6°56 ‘041 2°53 ‘016 
tr. 0°70 "007 0°98 “009 
29°02 26°10 21°76 *302 
5°52 ‘078 3°48 11°96 ‘169 
0°22 004 1°26 
0°13 003 0°30 ‘008 0°92 
5°42 058 "053 5°78 "062 
3°63 "059 2°54 041 2°77 
4°18 °232 3°54 ‘197 3°47 *193 
CuO 006 F 0:97 051 


100°03 99°91 100°18 


From a discussion of these analyses of Biickstrém and 
Konig, Brégger deduces the general formula: R’’,R’,Si(SiO,), 
for astrophyllite. It will be seen that my analysis closely 
confirms this formula, agreeing with it better in fact than 
those from which it was derived. Calculating the small 
amount of ferric oxide present in with the I ” group, the 
molecular ratios of my analysis give the following elementary 
proportions : 


163 


this reduces to: 


* Proc. Am. Phil. Soc. Philada., xvi, 509, 1877. 
+ Given by Broégger in:--Groth’s Zeitschrift, vol. xvii W. C. Brégger, Die 
Mineralien der Syenitpegmatitgange, etc. 


Ta,O, 
SiO, 
TiO, 
ZrO, 
Fe,O, 
Al,O, 
FeO 
MnO 
CaO 
MgO 
K,O 
Na,O 
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which is quite close to R’,R’,Ti(SiO,),, the excess of the R’ 
group is presumably ine to the percentage of water being 
somewhat too large; this may result from incipient alteration 
of the mineral, which may also be the cause of the variation 
in color. 

Il. 

A fragment of this rare mineral was last year sent to the 
National Museum by Mr. Horace M. Engle, of Roanoke, Va. 
And upon its identification he very kindly presented all at his 
disposal for the purpose of investigation; in addition to some 
small fragments there was one large mass, which before break- 
ing weighed over three and one-half kilograms, most of it 
now being in the museum collection. It was found in Bedford 
Co., Va., a point considerably farther south than the locality 
of the material analyzed by Price.* ‘The various pieces of this 
tscheffkinite when found were all more or less rounded nodules, 
with a superficial brownish yellow ochreous coating, evidently 
an alteration product, which at some later date may be made 
the subject of investigation to endeavor to determine the 
method of alteration. The beginning of this alteration wi:is 
also seen in the numerous fissure planes developed in breaking 
up these nodules. Examination of a fresh surface showed a 
distinctly banded structure of sedans black and dull black 
material, the bands varying from mere lines to over five mil- 
limeters in width. As well as could be these two differently 
appearing substances were separated and each analyzed by 
itself, such separation however was only approximate, as under 
a magnifying glass it was seen that eac sh band contained veins 
of the other. Analysis I is that of the lustrous part, and I] 
that of the dull. 

Duplicate determinations confirmed these specific gravities, 
the seemingly more altered one being the higher. The ac- 
tion of acids on the powdered materials shows a marked 
difference, the lustrous portion being completely decomposed 
in a few minutes by warm and moderately strong hydrochloric, 
sulphuric or nitric acids, while an hour or more was necessary 
to decompose the dull portion under similar conditions. A 
fire assay of a fragment of this tscheffkinite was made by Mr. 
E. L. Howard, of the U. 8. Geological Survey and gave 0°74 
oz. of silver per ton. 

These analyses show that the two bands are practically iden- 
tical in composition, the dull being somewhat more hydrated. 
The molecular ratios seem to lead to no definite or satisf: ictory 


*R. C. Price, Am. Chem. Journal, Jan., 1888. 
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formula, a result quite in accordance with the evidence furn- 
ished by the microscopical examination of sections. For this 
purpose chips were taken showing both bands, but as in the 
case of the chemical analysis, they were seen to be practically 
the same. 

I. IT. 


Molecular Molecular 
Analysis. ratio. Analysis. ratio. 


Ta,O, 0-08 0-08 

SiO, 20°21 337 21°49 358 
TiO, 235 18°99 237 
ZrO, tr.(?) 

003 0°75 003 
(Y, Er),O, 006 164+ 
(La, Di),O, “72 ‘059 17°16 052 
‘061 9°0' 058 
Al, 0. 3°6 035 3°6: 036 
Fe, ‘0, ‘ O12 2°86 018 
FeO 096 5°92 082 
CaO 05 072 094 
MgO 014 012 
Na,O 001 001 
H,O “{ "052 2-06 114 


99°47 


Specific gravity, 4°33 at 27°. Specific gravity, 4°38 at 22°°2. 


I am indebted to Mr. Whitman Cross, of the U. S. Geolog- 
ical Survey, for the following notes on the thin sections: “ The 
sections consist mainly of reddish and yellowish brown trans- 
parent amorphous substance, apparently the original material, 
this is traversed in all directions by cracks from which there 
has proceeded a decomposition producing a reddish brown 
opaque ochreous matter which fills the cracks and replaces the 
original material so that in certain spots there is now merely 
a network of the two substances. In each section there are two 
parallel bands of secondary minerals nothing corresponding to 
which was detected in the chips before the sections were made. 
These bands consist chiefly of two colorless minerals, the more 
abundant occurring in irregular grains closely resembling calcite 
in strength of refre action and double refraction ; the other occurs 
in rounded grains and is probably sphene. In addition to the two 
colorless minerals in these bands, there also appear two brownish 
substances, one of which has distinct prisms without terminal 
planes, shows strong pleochroism and its absorption parallel to 
the vertical axis is so strong as to make it opaque, while at 
right angles to this axis it is yellow-brown. More abundant 
than this prismatic mineral is one occurring in apparent flakes 


* Molecular weight=308, + Molecular weight=312. 
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of reddish-brown color, it is doubly refracting, but not strongly 
pleochroic, and cannot be identified with any of the substances 
already mentioned. Adjacent to these bands, and replacing 
the amorphous material to varying distances is still another 
substance, in general appearance simil: ar to the prismatic min- 
eral, but evidently different as it shows no very marked absorp- 
tion. This mineral is also strongly pleochroic, varying from 
yellow-brown to chestnut-brown. All of it in the sections 
seems to have a uniform crystallographic orientation, the cause 
of this uniformity not being apparent. Its relations to the 
amorphous substance are similar to those which I have observed 
in several instances between crystalline allanite and the amorph- 
ous variety.” 

The microscopical examination having shown this tscheff- 
kinite to be such a mixture, it became desirable to examine 
others in the same way. 

The only one available for this purpose was that analyzed 
by Price, a specimen of which is in the National Museum col- 
lection. This specimen has the same general appearance 
and banded structure as my own. Chips were taken from it 
for sections which Mr. Cross examined and found to be in 
every respect similar to the other, about the only noticeable 
difference being in Price’s material a somewhat greater devel- 
opment of the opaque ochreous decomposition product of the 
transparent amorphous substance than in mine, and a lesser 
development of the colorless minerals. 

Taking into consideration the results of this work, and the 
manifest contradictions of most of the earlier analyses, it seems 
reasonable to conclude that, unless one of the earlier analyses 
can be shown to have been made on pure material, the so-called 
tscheffkinite is not a mineral in any strict construction of the 
word, but merely a mixture ; the structure of the chemically 
complex body or bodies evidently its basis being a problem to 
be elucidated in the future when purer material may be found. 

Laboratory, U. S. Geological Survey, 

Washington, D. C., March, 1891. 
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Art. V.—The Minerals in hollow Spherulites of Lhypolite 
From Glade Creek, Wyoming; by J. P. Ipprnes and 8. L. 
PENFIELD. 


THE occurrence of fayalite with quartz, tridymite and soda- 
orthoclase or sanidine in the lithophyse and hollow spherulites 
of the obsidian at Obsidian Cliff, Yellowstone National Park,* has 
been described by one of the writers of the present paper, the 
mineralogical investigation of the fayalite and sanidine having 
been carried on by the other writer. Recently we have hi: id 
occasion to call attention to the occurrence of fayalite in obsid- 
ian at Lipari and Vuleano in the Mediterranean,t+ and have 
observed that the modes of occurrence are alike in both regions, 
and that the causes leading to the erystallization of fayalite in 
these nhagmas must have been the same, namely: the action of 
superheated vapors, presumably of water, upon the magmas 
before their final consolidation and cooling. 

In the present paper we wish to contribute further to the 
knowledge of these aqueo-igneous products in siliceous lavas, by 
describing a somewhat different dev sg 0 of hollow spheru- 
lites in rhy olite at the forks of Glade Creek, a tributary of the 
Snake River, just south of the boundary of the Yellowstone 
National Park. This locality was visited by us in the sum- 
mer of 1886. The rhyolite forms a high bluff of massive 
rock, exhibiting great contortion of banding or planes of flow. 
The spur between the two branches of the stream rises some 

1200 feet above the valley, and presents a section of the great 
rhyolite sheet which forms the mass of Pitchstone Plateau, 
lying to the north. 

The rock at the forks of Glade Creek is dark gray, dull, 
lusterless and lithoidal, with a rough hackly fracture. It 
carries many phenocrysts of a white plagioclase, less numer- 
ous glassy sanidines and quartzes, and many rusted crystals, 
which prove to be more or less altered augites. Through this 
mass are scattered cavities with light gray or white walls, 
which are partially filled with crystals. The cavities vary in 
size from that of a walnut to almost nothing. They are irregu- 
lar in shape, but the spherical form of the light colored walls 
suggests at once that they are the cavities of very hollow 
spherulites. They are, in fact, wide-gaping spherulites like 
some of those found at Obsidian Oliff.t Occasionally there are 


*J. P. Iddings, Obsidian Cliff, Yellowstone National Park, Seventh Annual 
Report of the Director of the U. S. Geological Survey, Washington, 1888. 

+ Iddings and Penfield, Fayalite in the obsidian of Lipari. This Journal, vol. 
xl, July, 1890. 

tl. c. p. 264, and Plate XII, figs. 1 and 5. 
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indications of spherical zones near the outer margin of the 
shell, but no radial fibration can be observed macroscopically. 
There is nothing in the arrangement of the comparatively 
large crystals within the cavity which suggests either a radia- 
tion from the center, or the concentric shelly structure of 
lithophyse. 

An examination with the microscope proves that there is a 
radial fibration in the outer shell of these spherulites. And since 
certain of the minerals which are characteristic of the central 
portion are found in the shell also, it is evident that the forma- 
tion of the outer and inner parts of these spherulites was con- 
temporaneous. There are also small irregular cavities contain- 
ing the same well-developed crystals, which have no definite 
spherulitic walls, but are surrounded by white crystalline 
margins, which extend irregularly into the surrounding rock. 
The same thing also occurs in small crystalline patches and 
streaks in the ground-mass of the rock, like the more crystalline 
portions of the laminated lithoidite at Obsidian Cliff.* The 
massive rhyoKte at Glade Creek also passes to the westward 
into laminated lithoidal rhyolite with open layers filled with 
the same minerals as those in the hollow spherulites. 

The light colored crystalline portions just mentioned, when 
examined with a lens, are found to be dotted with minute round 
pits about as large as the point of a pin. At first sight they 
appear to be small colorless grains of some mineral like 
quartz, but closer investigation shows them to be hollow. Their 
relation to the crystalline material about them is revealed by a 
microscopical study of the rock. 

Thin sections of the rock show it to bea rhyolite similar to 
much of the lithoidal rhyolite of the neighboring region, except 
for a greater amount of angite phenocrysts. The porphy- 
ritical quartz, sanidine and plagioclase need no special mention, 
being like those of most rhyolites. Magnetite forms quite 
large grains, associated with the angite, often having zircon 
crystals attached to them. The augite is light greenish yellow, 
and is somewhat rounded. It is partly altered to brown iron 
oxide, which penetrates cracks in the crystals. In some 
instances it is entirely decomposed, leaving a pseudomorph of 
brown iron oxide. 

The ground-mass of the rock is spherulitic throughout, with 
here and there spaces between groups of sphernlites which are 
composed of crystals of feldspar with tridymite or quartz. 
Short opaque trichites and sharply defined crystals of magnetite 
are scattered uniformly through the mass, or are arranged in 
lines which mark the flow structure. The microscopic spheru- 


*L.c., p. 264. 
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lites are distinctly radially fibrous, the rays being relatively 
coarse or prismatic. The outline of the spherules is not evenly 
circular, but irregularly jagged, especially when they adjoin 
areas of tridymite and quartz. Here the rays of the spherules 
develop into definite prismatic crystals, and have the optical 
characters of orthoclase in prisms elongated parallel to the 
inclined axis, d. They have a slight extinction angle, reach- 
ing 10°, and have the axis of greatest elasticity parallel to the 
length of the prism. The spherulites, therefore, behave as 
though made up of optically negative prisms. In one rock 
section they appear to have more of a granophyric structure, 
with a feather-like texture within the feldspar prisms. The 
fine fibers producing this effect do not reach the end of 
the best developed prisms, leaving them terminated by clear 
feldspar substances, as in the case “of the granophyric pheno- 
eryst in the rhyolite of Eureka, Nevada, described in the 
article on Obsidian Cliff already referred to.* In these 
spherulites the presence of quartz within the feldspar is 
indicated by this micro-structure, but in the first. mentioned 
spherulites there is nothing to suggest its presence, except 
the highly siliceous nature of the rock. Since it is only 
the marginal terminations of the feldspar prisms which are 
determinable as such, the central portion of the spherulites 
may be more complex without its being recognized, for a 
small amount of quartz would not materially affect the optical 
character of the feldspar. The light colored, crystalline por- 
tions of the rock with the minute pits are seen under the 
microscope to be more highly crystallized parts of the ground- 
mass. They combine the spherulitic structure with a more or 
less granular one. The little cavities are found to be hollows 
at the centre of small feldspar spherulites, which are made up 
of feldspar prisms whose ends project irregularly inward into 
the cavities and outward into the adjoining minerals. The 
cavities appear to be minute spots once occupied by vapor or 
some liquid, around which feldspar crystallized in prisms radia- 
ting outward. In the crystalline patches the tridymite lies in 
various orientations, and through it in all directions run what 
look like transparent needles, which in some cases also radiate 
out from the coarser micro-spherulites. They are dull between 
crossed nicols, and might easily be mistaken for apatite, but 
their optical characters are also those of sanidine prisms that 
have developed parallel to the axis of greatest elasticity. This 
is shown to be the case in a thin section of another rhyolite in 
which the same structure has been developed on a somewhat 
larger scale. In the rhyolite from Glade Creek, quartz some- 


* L.c., p. 275, Plate XV, fig. 5. 
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times occupies the place of tridymite between the feldspar 
crystals. 

The mineral which is most abundant in the hollow spheru- 
lites is quartz, occurring in stout crystals, seldom over 2™ in 
diameter (in one instance 5"), very transparent and with a 
pale smoky color; also in slender white prisms, 10™™ long. 
The latter are sometimes clear and transparent in part, but 
are mostly full of cracks, and many of them are covered with 
a crust of hyalite. The hyalite is isotropic, and has minute 
microlites of feldspar scattered through it. Both the stout, 
clear quartz crystals, and the slender white prisms occur to- 
gether in the same spherulite, and in a number of instances 
it was observed that the clear crystals are deposited on a 
nearly flat side of the cavity, while the white prisms, inter- 
secting in all directions, make up a sort of net work which 
rises above it in a dome-shaped mass. The first impression 
is that the transparent quartz crystallized in a shallow basin 
in a liquid while the upper portion crystallized in a vapor. 
This hypothesis is, however, untenable, since in some cases, 
the transparent crystals in the hollows of one rock specimen, 


coat walls which are not symmetrically disposed to one 
another and hence could not represent the same water level. 
Transparent, stout, quartz crystals are attached to the walls 
of the cavity so that only one termination or one side of 
the prism is free; in the net work of slender white prisms, 
however, doubly terminated crystals occur. These quartz 
crystals proved on examination to be very interesting. They 
are not highly modified, but possess some faces with very 
simple indices which are exceedingly rare, even on highly 
modified quartz crystals, giving therefore a type of ecrystalliz- 
ation which, to our knowledge, is altogether new for this 
common mineral. They all show, in addition to the common 
quartz forms (prism m, 1010, I, always horizontally striated, 
and the rhombohedrons 7, 1011, 1 and 2, 0111, --1) steep 
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rhombohedrons j, 3032, 3 and o, 0332, —3 and narrow tra- 
pezohedral faces N and L + 3-3, which lie in the zone 
between 7 and o and also.in the zone z, 7 and m. The 
rhombohedrons 7 and @ are not mentioned by G. Rose* in his 
classical paper a quartz. Des Cloizeaux,+ in his very exten- 
sive monograph on the crystallization of quartz was the first 
to observe these forms. During his investigation he added 
twenty-one new positive rhombohedrons to the seven which 
were already known. Of the + 3 rhombohedron 7 he says: 
“this has been found on two erystals from Traversella, on a 
large crystal from Brazil, and upon a little crystal from Ala. 
Its measurement is a little uncertain as it always presents 
rounded faces, Among the considerations which favor the 
acce eptance of this rhombohedron is the oceurrence of the 
negative 3 form.” He also added twenty-five new negative 
rhombohedrons to the five which were already known. Of 
the -3 rhombohedron ¢ he says: “this rhombohedron has been 
observed upon twenty-three crystals from Traversella, and upon 
many crystals from Valais. The mean of fifty-four measure- 
ments, in spite of a slight rounding of the faces, leaves no doubt 
of its symbol.” On the erystals from Glade Creek both 7 
and o are perfect as regards luster and freedom fromi stria- 
tions. They may be detected on nearly all crystals and some- 
times they are largely developed. Figures 1 and 2 represent 
the relative size and development of these faces on two of the 
transparent | stout crystals which were detached for measurement, 
and figure 3, the greater development of them at one end of a 
slender white prism. In the majority of cases, the edges 
between 7 and @ are replaced by trapezohedral faces having the 
simple parameter relation 3-3; moreover all of the four pos- 
sible trapezohedral forms with the above parameter relation 
were observed. On the right-handed crystal represented in 
tig. 1, N, 2132,+7 3-3, and N’, 3212, -r 3-3 oceur, while 
on the left- handed ere represented in figs. 2 and 3, L, 
8122, +2 3-2 and L’, 1232, -J 8-3 occur. DesCloizeaux 
also observed these forms and says of N + 3-3 “this very 
rare form has been observed only upon the very remarkable 
crystal from Brazil. As it is very narrow and a little rounded 
its measurement could not be made very exactly ; however its 
angle upon 7, calculated for the symbol here adopted, differs 
very little from the mean of the observation and its very simple 
symbol, being the. i inverse of the probable face L, —3-3, point 
to its existence.” Of L, -3-3, indicated by MS Asan 
with (?) as a probable but not certain form, he says: “this very 
simple symbol can be applied to a face observed upon many 


* Abh. Akad. Berlin, 1844, p. 217, + Ann. Ch. Phys., 1855, p. 129. 
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erystals from Traversella. This face is always brilliant but so 
much rounded that upon measuring upon z one can indiffer- 
ently arrive at a number of approximations according as one 
stops at the upper, central or lower part of the broad reflection 
which it furnishes.” On the crystals from Glade Creek, N 
and N’ and L and L’ are faultless as regards luster and 
absence of striations and rounding. An idea of the promi- 
nence of these faces may be obtained from figs. 1, 2 and 3 
where their relative size and development on three of the 
measured crystals has been preserved as far as possible. They 
undoubtedly occur both as positive 7 and negative 7, and as 
positive 7 and negative 7; their persistency in replacing all of 
the edges between j and o would indicate this as well as the 
results of an experiment in etching one of the crystals with 
hydrofluoric acid. The crystal represented in fig. 1, was thus 
proved to be a right-handed twin. The greater part of 7 and 
) in front, and all of N were positive, as was also the greater 
portion of the faces lettered 2 and e, the twinning boundaries 
running very unequally over these faces; while the face lettered 
N’ was both positive and negative, the positive part being deeply 
etched while the acid had almost no action on the negative 
portion. Left-handed crystals were not etched, but it is safe to 
infer from the development of L and L’, that they are both 
positive and negative. Right and left forms were not observed 
in the same crystal. On the goniometer the reflections from 
all of the faces except m were very perfect, and the following 
measurements were made. 


Calculated. Measured, 


~ 


Zar 5° 15’ 52” 
r a (N orL) 


Jj A (N or L) 
rAjJOUZAC 


We have also examined the quartz crystals in the lith- 
ophysz of Obsidian Cliff, Yellowstone National Park, and find 
that they too have the habit which we have just described. 
They are always very small, seldom over $™™ in diameter, but 
some were found which were so perfect that they gave excel- 
lent reflections and could be accurately measured on the goni- 
ometer. They generally have the habit represented in figs. 1 
and 2, although sometimes j and o were as fully developed as 
in fig. 3. The N and L faces seldom failed. The erystals 
were so small that the positive and negative character of the 
rhombohedrons could not well be distinguished. In most 
cases however a ? rhombohedron was observed between the 
unit rhombohedron and prism. Measurements were mostly 


2 
46° 15 
24 
33° 20 52” 32 30 325 52 
16° 56 16° 554’ 16° 57 16° 57’ 
10° 31 10° 33 10° 32 
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made in the vertical zone m, 7, 7, over the apex of the crystal 
on z,¢,m. The prism faces were always so much striated that 
no satisfactory measurements could be made from them. The 
measurements are as follows: 


Calculated, Measured. 

r ~z over base, 103° 34’ 103° 354 193° 33’ 103° 34’ 103° 35 103° 35’ 
rajorzac, 10 3L 1042 10 47 1035 10 29 10 45 10°35’ 10°19’ 
razadjoining, 46 16 46 17 
raN, 17 23 1719 

On several crystals a second rhombohedron having the 
symbol 4,°, (10-0. 10-7) was observed, occurring either alone 
with 7, z and m, or between jand r andeand z. It hada 
relatively large size and gave distinet reflections ; its measure- 
ment on to 7 and 2, is as ‘follows 


Calculated. Measured. 
9° 21’ 9° 45’, 9° 25’, 38” 9° 43’, 


The occurrence in the hollow spherulites of this very unusual 
development of quartz, as well as its association with the rare 
mineral fayalite, may be taken to indicate that the crystals were 
formed under conditions which do not usually prevail. On 
the highly modified quartz crystals from Alexander Oo., N. C., 
j,¢ and L were frequently observed by vom Rath,* but the 
erystals from Glade Creek, and Obsidian Cliff, are very different 
in showing these rare forms well-developed on otherwise very 
simple ery vstals. 


Tridymite is present in some of the cavities in characteristic 
crossed twins, and is abundant in thin sections of the rock. 
The most noticeable mineral next to quartz is fayalite. It 
forms stout crystals about 1™" long with very much the same 
habit as those represented by fig. 2, in our paper “On the oceur- 
rence of Fayalite in the lithophysee of obsidian and rhyolite in 
the Yellowstone National Park,”+ or by fig. 54 in the paper 
on Obsidian Cliff already cited.t They have undergone more 
or less alteration to iron oxide and are now opaque rand black. 
Some are still transparent at the centre. When tested chemi- 
cally they give decided reactions for both iron and magnesium. 
This may ‘indicate that the unaltered fayalite is rich in mag- 
nesium. There is not sufficient unaltered material at band to 
undertake a complete chemical analysis. The occurrence of 
the fayalite at Glade Creek is quite the same as that in other 
hollow spherulites in the rhyolites at various localities in the 
Yellowstone National Park. 
* Zeitschr. Kryst., x, p. 156. ¢{L.c. p. 271. 
+ This Journal, vol. xxx, July, 1885, p. 59. 
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In some of the more irregular cavities of the rock, at Glade 
Creek, there are accumulations of sanidine crystals of very 
small size. Occasionally they exhibit a blue iridescence, and 
when magnified are seen to have the same crystal habit as 
those in the lithoidite of Obsidian Cliff,* that is, they are thin 
tablets parallel to the basal plane, with the clinopinacoid, prism 
and two orthodomes less highly developed. The chemical 
analysis of these uncommon sanidines from Obsidian Cliff 
showed the presence of one molecule of soda to one of potash. 
In some of the hollow spherulites there are very small crystals 
of hornblende about $™" long. They form stout prisms with 
brilliant faces, and appear to be terminated by the basal plane 
and unit pyramid. In thin section they are brown. They are 
not found in most of the cavities. Biotite is also observed, in 
a few cases, in very small particles built up of thin hexagonal 
crystals with parallel orientation. They yield an almost uni- 
axial negative interference figure between crossed nicols. 
Both the hornblende and biotite occur sparingly in small 
crystals within the groundmass of the rock. These minerals 
are not found in the same cavities with fayalite. 

In conclusion, we find that in the rhyolite of Glade Creek, 
as in the obsidian of Obsidian ‘liff, fayalite occurs in associ- 
ation with abundant quartz, as the result of the mineralizing 


action of vapors in the cooling acid lava. The quartz in 
both localities has a peculiar development, remarkable alike 
for its simplicity, rarity and perfection. These minerals are 
accompanied by an uncommon form of sanidine, and by tridy- 
mite. Moreover in certain hollow spherulites the fayalite is 
wanting, and in its place are hornblende and biotite. 


Art. VI.—Bernardinite: Is it a Minerai or a Fungus ?t+ 
by JOSEPH STANLEY-BROWN 


TWELVE years ago Prof. J. M. Stillman announced through 
this Journalt his discov ery of “a new mineral resin from San 
Bernardino G 'o., Cal.,” and proposed for it the name “ Bernard- 
inite.” The specimens were sent to him by farmers who, find- 

them among rocks, supposed them to be derived from veins. 
hile engaged in geological work in northeastern California 
during the summer and fall of 1890, Mr. A. B Frost, of Susan- 
ville, called my attention to the occurrence of bernardinite near 
Eagle Lake. ‘Search for the mineral was unrewarded for the 


* L. c. p. 267, figs. 51 and 52. 

+ Abstract of a paper read before the Washington “. Soc., Mar. 14, 1890, 
and now printed by permission of the Director of the U. S. Geol. Survey. 

¢ This Jour., vol. xviii, page 57. 
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reason that it is more likely to be found on tree trunks than in 
veins. During the winter the excellent specimen used in the 
preparation of the accompanying illustration was forwarded by 
Mr. Frost, who stated that it was cut from a live pine tree near 
Eagle Lake. Bits of adhering bark can be seen in figure 1, 
which is a little less than half size. Professor Stillman gener- 
ously placed at my disposal a piece of the original material and 
their comparison and study were taken up. 

As the description of the “ mineral resin” answers equally 
well for the recently obtained specimen it is quoted here. “It 
presents a nearly white mass, friable, light and porous, con- 
taining much enclosed air so that it floats on water like cork. 
On fracture it presents a slightly fibrous structure. Under the 
microscope it exhibits a two-fold structure—a quantity of very 
fine irregular fibers permeating a mass of a brittle, amorphous, 
structureless substance.” Nothing more need be added, save 
to call attention to the concentric form of growth and to the 
remnants of tubes. 

Macroscopically and chemically the two specimens appear to 
be identical. No improvement of Professor Stillman’s careful 
analysis was attempted, and its duplication was only carried to 
the point of identification. Both substances agree in melting 
imperfectly at 140° and in softening at temperatures below 
100 ; they are insoluble in water ; 86 to 90 per cent dissolves in 
aleohol—the solutions being of a slightly yellow color, marked 
bitter taste and acid reaction ; residues from solution are white 
and amorphous; the alcoholic extracts burn with smoky flame 
leaving a trace of ash; they are much less soluble in ether than 
in aleohol. Professor Stillman found further that his material 
was soluble in caustic potash, and from such solutions a puri- 
fied tasteless mass could be precipitated by hydrochloric acid, 
also that the filtrate evaporated to dryness yielded a ‘“ waxy 
substance” of intensely bitter taste. Taking into account 
hygroscopic moisture and ash, his analysis gave: 


Hydrogen (not in water) 
Oxygen = 


Dr. H. N. Stokes, of the Chemical Division of the Geological 
Survey, gave it such consideration as pressure of work would 
permit, and says in regard to it: “In continuous extrac- 
tion with alcohol the ‘bernardinite’ left a residue of 7°56 per 
cent, and your specimen a residue of 6°08 per cent. The 
appearance of the residue under the microscope is the same in 
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each case, consisting of fine fibers, mixed with some granules. 
I have not had time to prove that the substance [fiber] is cel- 
lulose, but it appears to be, being insoluble in all neutral 
solvents and unacted upon by bromine water. The alcoholic 
solutions being evaporated to dryness, left a crystalline residue. 
The mass of the residue is erystalline—the crystals being im- 
bedded in some amorphous substance. The crystalline substance 
is a mixture of crystalline acids, which form soluble crystalline 
salts. The appearance in each case is the same, and I therefore 
do not hesitate to pronounce the two specimens identical.” 

My petrographic microscope showed clearly the structural 
similarity of the substances and suggested a fungous origin, and 
a botanical authority was sought in Mr. F. H. Knowlton whose 
examination of a fragment of each piece, with a biological mi- 
croscope, not only confirmed previous testimony as to identity, 
but indicated their fungous character with certainty. 

Assuming that the sameness of the specimens has been 
established, a brief reference to the nature, origin and strue- 
ture of the substance may be given. 

Professor Stillman expressed the belief* that it was a res- 
inous secretion which, having fallen from some species of con- 
ifer, was covered with debris, lost all traces of volatile and 
soluble matter, became permeated and splintered by a fung- 
ous growth and being mixed with surface soil, would easily 
be mistaken by untrained observers for material 7m sétu. 
Considering the facet that Professor Stillman did not see the 
bernardinite (?) in place and that the specimens available for 
his guidance were fragmental, stained and weathered, it is 
remarkable he should have been able to give so plain a 
hint as to its character and source. But the truth of the mat- 
ter probably is, that the fungous growth is responsible for the 
presence of the resin and not the resin for the fungus growth. 
Through the kindness of Professor Gallaway of the Agricul- 
tural Department, the large specimen was referred to Mr. J. B. 
Ellis, of Plainfield, N. J., an authority on fungi, and it was by 
him recognized as the fungus * /’o/yporous officinalis Fries.” 
As already noted its home is on the pine tree and it probably 
occurs over a wide area, for it is found on Linus strobus of 
Michigan, and a specimen has just been sent to the National 
Museum from Wyoming. A glance at figure 2, which is about 
half the natural size, shows clearly the ring-like growth and the 
remains of tubes. Figure 3 is from a photograph of a small 
piece of Professor Stillman’s original material and is full size. 

A microscopical examination of a thin section shows the 
features represented in figure 4. A somewhat regular arrange- 
ment of granules is seen (indicated by the lighter color), which 

* This Jour, vol. xx, page 93. 
Am. Jour. Scr—Tuirp Series, VoL. XLII, No. 247.—JuLy, 1891 
4 


50 J. S. Brown—Bernardinite: a Mineral or a Fungus ? 


are apparently enclosed in a network of fibers. The granules 
are about a millimeter in width and vary from two to threc 
milimeters in length, and when carefully removed and frac- 
tured they break up into transparent irregular particles. Jt 
the granules are dissolved in alcohol there remains a mass of 
microscopic mycelial threads indicated by the hair lines in 
figure 4, and more clearly shown in figure 5. Miss Southworth,* 
of the Agricultural Department, after studying both specimens, 
declared them to be identical, and found that these microscopic 
tibers are arranged in a more or less parallel manner, and some- 
times great numbers are closely bound together or wound 
around each other, forming a distinct branching cord up to 
half a millimeter in diameter. The fibers are also branching, 
wavy in outline, with thick colorless wall, narrow thread-like 
lumen, and occasional swellings. They are often terminated by 
forms such as are seen in figure 6, and there are other features 
which must, however, be left to the mycologist to investigate. 

Just what function this resinous material plays in the life of 
the plant is not now known. Its presence can hardly be acciden- 
tal, for its association with the fungus is persistent over a wide 
area. It is difticult to conceive of a fungus penetrating a mass of 
resin with such regularity. It would seem more probable that 
the irritation of its presence caused an exudation from the tree 
which was appropriated by the fungus either for its nourishment 
or its preservation from destruction. 

A final word concerning the supposed medicinal and histor- 
ical character of the fungus may be interesting. 

Mr. W. W. Calkins of Chicago, who has described a speci- 
men obtained from Michigan, asserts that this substance is 
employed by lumbermen, and was used by soldiers during the 
war, as a substitute for quinine, and that its tonie effect is 
undoubted. Attention was called by Mr. Ellis to the state- 
ment by Fries that the old Greek botanist Dioscorides was 
acquainted with this fungus and its medicinal qualities and 
that it is mentioned in his “ Materia Medica,” published dur- 
ing the reign of aiieg Those engaged in therapeutic research 
may find the study of the intensely bitter “ waxy substance” 
obtained by Professor Stillman interesting. 

If there has been an accurate determination and presenta- 
tion of the facts involved, there only remains the question: 
Can the substance confined within the meshes of this fungus 
be properly considered a new or even a true mineral resin? 
Should not bernardinite disappear from mineralogic literature 
and be found only in the future in that referring to the vener- 
able Polyporous officinalis ? 

Washington, D. C., March, 1891. 


* Miss Southworth made drawings 5 and 6. 
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Art. VII. — Development of Bilobites ; by CHARLES E. 
‘BEECHER, PH.D. (With Plate [.) 


THE Linnean species so well known under the name of 
Orthis biloba, and so widely distributed in the Silurian rocks 
of the world, represents one of the very distinct members into 
which the Orthis group is now divided. It is much removed 
from ordinary Orthis in general external features, and only by 
means of developmental characters is it possible to arrive at 
any idea of its genetic history. 

‘After having been referred to various genera, including 
Anomia, Terebratula, Delthyris, and Spirifer, by different 
authors prior to 1848, Davidson* first showed conclusively, 
from a study of the internal characters, that the true relations 
were with the genus Orthis. Its position has since remained 
unchallenged, and subsequent investigation has not brought 
forth any new characters, nor invalidated the results obtained 
by Davidson. The additional observations here made concern- 
ing the development of the shell, while adding to our knowl- 
edge of the species, merely serve to bind more closely this form 
to the group having the broad designation of Orthis. Prof. 
King in 1850+ proposed the genus Dicelosia for this species, 
on account of its characteristic form, and authors disposed to 
divide Orthis have recognized this name. Since then, it has 
been shown that Linné gave the generic term B7lobites to the 
type species of King’s genus, and this name is now generally 
adopted with the rank of a subgenus. The v validity of the 
specific names applied to variations from the typical form is 
not of much moment in this place, although the geologic his- 
tory and interpretation of these differences are of considerable 
interest. Two well-defined varieties or species are recognized 
in Sweden, and are represented in outline by figures 2 and 28, 
Plate I. The prevailing form in the Wenlock shales at 
Dudley, England, agrees with figure 28, and also represents the 
ordinary form from the Niagara Group of Indiana and New 
York. Each locality, however, presents minor differences, 
mainly of local interest, and seldom of varietal importance. 
In Western New York, besides the ordinary form with both 
valves convex there is found an areuate, deeply bilobed variety, 
agreeing with the extreme of the Swedish B. dilobus, var. 
Verneuilianus Lm., represented in figure 2. The lobes of 
the New York variety are commonly more divergent, as shown 


* Bull. Soc. Géol. France, 2d ser., vol. v, p. 321, t. 3, fig. 18, 1848. 
+ Monograph Permian fossils, page 106, 1850. 


| 
\ 


52 C. KE. Beecher—Devr lopment of Bilobites. 


in the outline, figure 1. This form was recently described by 
Ringueberg, as Orthis acutiloba.* , 

The Lower Helderberg species known as 2B. varicus Conrad, 
sp.. presents an amount of departure from typical B. bilobus, 
as would be anticipated from the change in the chronological 
and physical conditions of the species, combined with its ex- 
tremely prolific development at this time. The abundance 
and comparatively large size of individuals clearly indicate 
most favorable conditions for their existence and multiplica- 
tion, and, also, for the assumption and transmission of any 
varietal forms in harmony with the environment. 

Mature individuals from Dudley, England, and Gotland, 
Sweden, represented by figure 28, correspond in all characters 
with specimens of L. varicus which are about half or two- 
thirds grown. After reaching the adult bzlobus stage, B. 
rericus continues its growth, but this subsequent increment is 
ger tologic in its nature, although such senile features are here 
the conditions of simple maturity or the completed ephebolic 
stage. Evidences of this are seen in the gradual obsolescence 
of the pronounced lobation of the shell and che cessation of 
areal growth in the nealogie period. The form known as B. 
hilobus, var. Verneuilianus, Lm., from Gotland, shows a tend- 
eney to develop in the opposite direction, as the lobation be- 
comes more and more pronounced with growth, and the shell 
exceeds in size the normal species. The decrease in the loba- 
tion of . varicus is a degeneration towards an embryonic 
character, while the arrested areal development produces a 
condition of partial isomorphism resembling one of the higher 
groups of Orthis, such as Rhipidomella (22. Michelini Lévy). 

From what has been stated, it seems evident, that the form 
typified by .B. belobus from the Niagara was, at that time, not 
a very plastic type, and capable of only slight degrees of varia- 
tion or departure from the normal form. Naturally, all the 
modifications which occur containing a differentiation of the 
essential idea of the genus appear in the early history of the 
group, and are found previous to the Lower Helderberg form. 
The latter species while losing, in a manner, its be/obus expres- 
sion at maturity, degenerates into forms resembling ancestral 
and other groups. 


The material for the basis of this paper was collected by 
the writer from the lower members of the Shaly Limestone of 
the Lower Helderberg group, along the top of the main 
escarpment of the Helderberg Mountains, between Clarksville 
and the Indian Ladder, Albany County, New York.  Half- 


* Proceedings of the Academy of Natural Sciences, Philadelphia, p, 134, 1888 
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grown and fully developed specimens of £lobites varicus, 
Conrad, sp., can still be picked up in considerable numbers in 
the soil formed of the decomposed limestones. The species, 
however, is not so abundant as formerly. Professor James 
Hall is authority for the statement (Pal. N. Y., vol. iii, p. 493), 
that forty thousand individuals were collected between 1843 
and 1853, and about four thousand in the four following years. 
The young specimens have been obtained only by carefully 
examining the decomposed surfaces of the limestones, and by 
treating with hydrochloric acid slabs of rock in which the 
fossils are replaced by silica. After considerable labor and 
search, about a thousand individuals have been obtained. 
From this number, it has been possible to select a series of 
over forty specimens, showing stages of growth ranging from 
shells a little less than one-half a millimeter in length toa 
length of nine millimeters; thus representing the development 
between these limits by almost insensible gradations. 


Developmental Changes in Bilobites varicus. 


In the youngest specimens yet detected, measuring *49"" in 
length, and semi-elliptical in outline, the dorsal valve is longer 
than the ventral; the hinge is equal to the greatest width of 
the shell; both areas are high, subequal, and perforate by a 
triangular fissure in each valve. In rare instances, the pedicle 
covering, or pseudo-deltidium, is retained in young shells. 
Figure 1 of the ventral area, shows the fissure and pedicle 

1. covering, with the foramen at the 
apex of the beak. The covering is 
soon absorbed or abraded during sub- 
sequent growth, and the pedicle then 
emerged through the fissure below. 
None of these characters obtain in 
B. varicus, ventral area. x25. the nealogic or ephebolic stages, 
which are represented by a cordate, bilobed shell; dorsal valve 
shorter than the ventral; hinge line much shorter than the 
width of the shell, and an inconspicuous dorsal area without a 
fissure. 

The series of outlines, figures 11 to 26, drawn to the same 
scale, illustrate both the important changes which take place in 
the general form, and the corresponding increase in size from 
stage to stage. The rounded frontal margin of figures 11 and 12, 
becomes straight in figure 13, and in figure 14 a gentle sinus is 
apparent, which is pronounced in figure 15, and thereafter is 
the conspicuous character of the entire shell up to the ephe- 
bolic stage represented by figure 23. Figures 24 and 25 show 
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that upon reaching maturity a geratologic tendency to oblite. 
rate the marginal sinus is initiated ; thus degenerating to an 
embryonal condition of lobation similar to figure 14. 

The length of the hinge line from an initial dimension equal 
to the greatest width of the shell becomes equal to but one- 
half the width of the shell in a specimen 35" wide ; and in 
a full grown individual, as represented by figure 25, the hinge 
is not more than one-quarter the width of the shell. From 
having subequal areas, the change is rapid, so that in a very 
early stage, but two or three removes from the initial one of 
the series, the ventral area is the larger and the fissure higher. 
This ratio progr essively increases, and after the shell reaches a 
length of 1°5™", the dorsal area ceases to be a conspicuous 
feature. All areal growth and hinge extension end in the 
middle nealogic period, and to this cause is due the great dis- 
parity between the length of the hinge and the width of the 
shell in ephebolic individuals. The nepionic shells show some 
extension of the cardinal angles, but the auriculation does not 
become apparent until the lobation of the valves is initiated. 

On account of the greater length of the incipient dorsal 
valve and consequent obliquity of the area, the fissure and area 
of that valve may be seen when the shell is viewed from the 
ventral side, as in figure 10, and, consequently, the ventral area 
is concealed from the dorsal aspect, as shown in figures 3-9, 
and 11-15. This is a remarkable reversion of characters, and 
one which appears to be of considerable significance from a 
phylogenetic standpoint. 

The radiating striz first appear on the lower half of the 
initial shell of the series, indicating that in an earlier condition, 
the shell was smooth. The striz appear in pairs. The first 
two striz extend to the antero-lateral borders. An additional 
intercalated pair is next introduced, together with a single 
one on each side between the primary radii and the cardinal 
border. The number after this stage is more rapidly increased 
by increment in the cardinal lateral areas than in the median 
region. 

Observations.—As shown in the ontogeny of B. varicus, the 
generic stock was derived from a radicle having, in many re- 
spects, the characters of the group represented by Platy- 
strophia biforata. The general proportions of the nepionic 
shell in B. varicus resemble it very closely. The length of 
the hinge at this period, the high hinge areas in both valves, 
with subequal triangular fissures, and the extent of the dorsal 
and ventral beaks, are characters very much the same as in 
Platysirophia biforata. 
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These features are maintained until the nealogic stage repre- 
sented by figure 15, after which arrested hinge extension and 
increasing areal growth in the ventral valve rapidly obliterate 
the early characters, and in addition, the growing lobation of 
the valves emphasizes the expression of Bilobites. 


A, = < 
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x Geratologic » 


Lower Helderberg 


Niagara. __ x 
x Ephebolie 


Nealogic 


Ordovician 


Nepionic 


a 
FiGurRE 2.-—Genesis of Bilobites. 
a, nepionie stage (x 4). Ordovician type like Platystrophia biyorata. 
b, nealogic period ( x 4) at which divergence begins. 
c, Bilobites bilobus (x 2). Epaemic form. Niagara horizon. 


d, Bilobites Vearneuilianus (x 2). Acmic form, Niagara horizon. 
e, Bilobites varicus (x 2). Paracmic form, Lower Helderberg horizon. 


The genesis of the species is represented in the accompany- 
ing illustrations, in which it is shown, that all these species are 
alike in their development up to an early nealogic period, 
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figure 6. B. Verneuilianus, tigure d, diverges at this point, 
progressively increasing its variation from the normal direct 
growth, as exemplitied in B. bilobus, figure ¢. B. varicus, 
figure e, passes through all the d7/obus stages, and culminates 
in ? larger individuals, with less pronounced lobation of the shell. 
The direct line of de velopment, or the epacme, is repre- 
sented by B. dilobus, and it is significant that this form also 
has the greatest geological and geographical distribution. 
egg the divergent and indirect line, or aemic group, typified 
y B. Vernewilianus and B. acutilobus, is also widely dis- 
rar but less so than the first. Finally, the paracmic, or 
ger atologous form, &. varicus, culminated and disappeared 
within very narrow time and regional limits. 
Yale Museum, New Haven, Conn 


EXPLANATION OF PLATE I. 
Bilobites acutilobus. Ringueberg. 
FIGURE 1.—Outline of specimen from Niagara Group, Lockport, N.Y. x4. 
Bilobites Verneuilianus, Lindstrom. 
FIGURE 2,-—Common elongate form from Upper Silurian, Gotland, Sweden. x 4. 
Bilobites varicus, Conrad. 


FIGURE 3.--Dorsal view of youngest individual observed; showing inception of 


radiating strive and concealment of hinge areas. x 18. 
FIGURE 4.—Profile of same; showing depth and extent of both valves. x18. 
FIGURE 5.—Hinge view of preceding 18 
FIGURE 6.—Dorsal side of specimen; showing beginning of anterior marginal 
sinus. x18, 
FIGURE 7.—Profile of same. x18. 
FIGURE 8.— Posterior view of same. x18 


FIGURE 9.—Dorsal view of specimen. tigure 15, showing concealment of ventral 
area. XJ, 

F:GURE 10.—Ventral view of same: showing dorsal area x 9. Compare this with 
dorsal view of larger specimen, figure 21, in series. 

FIGURES 11-26.—Series of specimens; seeu from dorsal side; exhibiting ob- 
served stages of growth, variation and development of hinge, 
hinge area, and marginal sinus x 4 

Figure 27.—Interior of ventral valve; showing teeth, muscular impressions, 


minute concave pli ite in apex of fissure, and arrangement of 


punctie between nodes and ri x6. Lower Helderberg group. 
Albany Cou N. 


Bilobit 


FIGURE 28.—Outline ; showing characteristic form of this species as occurring in 
Upper Silurian of Gotland, Swede 


Linne. 


g 


Am. Jour. Sci. Voi. XLII, 1891. Plate I. 
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Art. VIIL.—Gmelinite from Nova Scotia; by Louis V. 
PIrRsson. 


THE zeolites of Nova Scotia have long been noted for the 
size and perfection of their crystals, and among them gmelinite 
has held a prominent place. Originally described by Jackson* 
under the name of ledererite, it was first proved to be identical 
with the gmelinite of European localities by Des Cloizeaux,+ 
from erystallographic measurements. This was subsequently 
confirmed by ‘analyses published by Marsh.t Analyses have 
also been published by A. B. Howe, referred to later. Resend 
these observations there seems to have been no inve stigation ot 
the erystal form and physical properties of the mineral from 
American localities. This has been undertaken chiefly upon 
material collected during the past summer at Pinnacle Island, 
one of the “ Five Islands” in the Basin of Minas, Nova Scotia. 
An analysis, which was made to control the results of the inves- 
tigation, having brought out some interesting facts, a discus- 
sion of the chemical composition has also been added. And 
since gmelinite has been referred by some authors, especially 
Tamnan§ and Streng,| to chabazite, all points bearing on this 
question have been kept in mind and are here presented. 

The gmelinite from Five Islands occurs in seams implanted 
in a greatly decomposed trap. The crystals, often of large size, 
vary in color from a very pale flesh-red to a strong reddish- 
brown. In thin section they are seen to be composed of 
colorless outer shell or zone, inclosing a colored inner nucleus. 
In grinding the sections it was noticed that the outer shell was 
hard and tough, preserving the crystal boundaries, while the 
inner portion was spongy, cellular, somewhat friable and 
readily crumbled away. In large crystals the separation into 
parts of the colorless outer shell and the colored nucleus can’ 
be readily seen with the eye at a trihedral angle. There were 
no inclusions seen in thin section, only a slight discoloration 
along the cleavage cracks and oceasionally ‘elsewhere. The 
erystals from Two Islands, Nova Scotia, and Bergen Hill, N. J., 
studied in connection with these are white, often with a pink 
tinge, translucent and apparently entirely homogeneous. Some 
in Professor Brush’s collection labeled Parsborough, Nova 
Scotia, are similar to those from Five Islands and may indeed 
have come from that locality. 


* This Jour., xxv, pp. 78, 1834. + Man. de Min., pp. 398, 1862. 
¢ This Jour., xliv, pp. : 362, , 1867. § Jahrb. f. Min., pp. 633, 1836. 


|| Ber. d. Oberhess. Ges. f. Natur u. Heilkunde, xvi, pp. 74, 1877; also full 
abstract in Zeitschir. f. Kryst., pp. 519, vol. i, 1877. 
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The following table shows the forms which have been 
observed on these crystals, several of which are new. In the 
first column the symbols are those of gmelinite as a distinct 
species, in the second the same are referred to the axes of 
chabazite. 

AS gmelinite. As chabazite. As gmelinite. As chabazite. 
ce, O, 0001 . 0001 1 
m, I, 1010 , 1010 

a, 7-2, 1120 1120 


Of these forms c, a, / and g are rare, the others occur on all 
crystals, almost without exception, from American localities. 
The basal plane ¢ occurs only on a few crystals from Two 
Islands and on a number of those from Bergen Hill. As 
noted by others, the face p is generally characterized by the 
vicinal development of a pair of low scalenohedrons. The 
prism mm is not generally striated in a horizontal direction, as 
observed on European forms. The scalenohedron ¢ is invaria- 
bly striated, oscillating with both the plus and minus rhombo 
hedrons and in some eases, possibly, with a pyramid of the 
second order and a minus form of the same scalenohedron. 
Many crystals show on the gonioineter, by revolving in the 
zone 7—p, a continuous band of light with the signals of these 
faces standing out. The scalenohedron mentioned is, however, 
most prominent. The presence of this striated scalenohedron 
gy is the most characteristic feature of the American forms, it is 
almost never lacking on any of the large number of specimens 
examined. A common appearance of one corner of the Pin- 
nacle Island erystals, where it oscillates with the rhombohedrons, 
is shown in fig. 3. 

While in general the crystal planes gave poor reflections of 
the signal, a ‘number from Pinnacle Island were well suited, by 
the brillianey and luster of the unit rhombohedron, for measur- 
ing the polar angle 7av. This was done on a series of ten 
carefully selected crystals and the results are given in the fol- 
lowing table. Each measurement is the mean of five deter- 
minations and the greatest variation between the mean and any 
one determination is given in the second column. 

68° 0% 42” 0° 
24 0 
12 0 
40 0 


18 0 
Average 


The table shows the degree of accuracy with which the 
angle could be measured. Of the above, that which gave 
68° 08’ was selected as a fundamental. The reflections of the 
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signal were extremely good and it is not far from the average 
of them all. From this we derive the axial ratio: 
@:¢::1: 0°734486 


lf we refer gmelinite to the axial ratio of chabazite, commonly 
accepted where 7,7=85° 14’ and 


@:e:: 12 190660 


the prominent rhombohedron of gmelinite becomes %, 2023, 
and this requires a length on the vertical axis of chabazite of 
‘7240 and a polar angle of 67° 28’. These Pinnacle Island 
erystals would not permit of so great an error in the determi- 
nation, if they were referable to the axis of chabazite. The 
discussion of this point will be referred to later. The follow- 
ing table gives the caleulated and measured angles which show 
the identification of the forms. The first column of figures 
gives the theoretical angles calculated for this species, the 
second gives the theoretical ones caleulated by DesCloizeaux, 
and the third those caleulated from the axes of chabazite: 
Forms, . Cale. Dx. Chab. Meas. 

rar lO1LA1I01 *68°08’ 67°34’ 67°28’ See above. 

ram 101LA 1010 49 42 *50 03 50 064 49°407-50° 027 av. of 8=49° 467 

rap 101LA0111 37 444 37 27 37 244 37 30-37 51 av. of T=37 39 

mMaq 

@ ag 4377-1: 29 213 9 042 29 33 29 58 

: 4 5 56 00 

Maa 

mal 


For reasons stated before, none of these angles could be meas- 
ured with great accuracy, yet the averages agree better with 
the theory presented for these crystals than that given by Des 
Cloizeaux. The angles of the scalenohedron, as given above, 
was measured on a crystal from Two Islands where it was 
present almost without striations. This erystal is shown in 
fig. 1. In all of the figures the crystals are shown revolved 
60° into the position of a minus rhombohedron, it having been 
found that this gave a better view of them. With the excep- 
tion noted, all the measurements given in the foregoing are 
upon crystals from Five Islands. 

Twinning.—The twinning of gmelinite has never to our 
knowledge been observed, beyond a brief note as to its possi- 
bility in an article by Howe, mentioned later. In examining 
a series of specimens I have discovered, however, numerous 
instances of a twinning on the basal plane. All that have 
been observed were penetration twins. They are often shown 
by the growth of the scalenohedron g and small p face, as pre- 
sented in fig. 3, directly out from the plane of the positive 
rhombohedron. This method of twinning is shown in fig. 2, an 
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example which did not have the centers of the two individuals 
coincident. Further, the figure shows a common habit in the 
development of the forms. The second method of twinning is 
that in which the 3 rhombohedron becomes the twinning plane. 


This was first seen on a specimen from Parsborough, which 
presented a number of examples; it was afterwards observed 
on a number of other specimens. Im all of these the twins 
were large sized crystals. An example of this method of twin- 
ning is shown in fig. 4, as well as another modification of the 
habit. The angle 7,7 was measured over the twinning plane 
in eight cases with the following results: 

26° 04’, 26° 05’, 25° 58’, 25° 59’, 25° 48’, 25° 42’, 25° 45’, 25° 33’ 
the average of which would give an angle of 7 on the twinning 
plane of 77° 0’, and this shows the latter to be the 3 rhombo- 
hedron. If we use the elements already given (and the angle 
rar was measured on one of the best of these crystals as 
68° 09’ agreeing closely with that given as theoretical) the 
angles given above would be in theory 25° 04’. If, however, 
we use the elements of chabazite and consider the prominent 
rhombohedron on the gmelinite as %, our twinning plane 
becomes the unit rhombohedron of chabazite and the theoreti- 
cal re entrant angle between the # rhombohedrons twinning on 
this plane would be 26° 182’. The last three measured angles, 
which were the best, are then about half-way between these 
two calculated angles. In like manner pap was measured 
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over the twinning plane in two cases and found to be 2° 21’ 
and 2° 55’ , while theory would demand from our gmelinite 
ratios 4° 16’ and for the chabazite 2° 39’. It should be stated, 
however, that the two p faces on each pair of the measured 
twins showed the low vicinal scalenohedron, characteristic of 
this face, and this of course tended to diminish the measured 
angles. 

Indices of refraction.—Three prisms were cut from differ- 
ent crystals, by using the plane m for one face of the prism and 
grinding another in the prismatic zone. In the first one only 
was any well defined double refraction detected by the eye; in 
the other two the image of the slit was measured by holding 
the analyzer in front with the shorter diagonal vertical and 
horizontal. The three gave: 

oNa 1°4760 1°4646 

éNa 1°4674 1°4637 
There is therefore a very weak negative double refraction 
which varies in different crystals, the averge was oNa — eNa 
for the above =-0033, while Negri* found oNa—eNa =:0018 
in crystals from Montecchio Maggiore. 

Optical characters.—In a section cut normal to the vertical 
axis it is seen under the microscope, between crossed nicols, 
that the section is not uniformly dark, but that slight optical 
anomalies present themselves, somewhat as in leucite. There 
does not seem to be any definite separation into parts, which 
would show the crystal composed of several individuals In 
strongly convergent light the uniaxial interference figure is 
seen, and at some places, in revolving, this generally opens a 
trifle, with the arms of the cross assuming the position of 
hyperbolas. This is most marked in the hard outer shell, men- 
tioned before, where a small but distinct separation ean be 
seen. These characters explain very clearly the variation in 
the indices of refraction in different crystals noted above. 

Cleavage.—The prismatic cleavage, first noted by Rose, is 
easily produced but is never very perfect. In a basal section, 
under the microscope, it is seen as a series of cracks parallel to 
the prism edges. An endeavor to determine whether a rhom- 
bohedral cleavage existed, or not, met with only partial success. 
A series of fragments, with the faces of the prism and unit 
rhombohedron upon them for orientation, were placed on the 
goniometer. Upon revolving, the prismatic cleavage always 
gave a reflection and in a nuinber of cases there were . reflected 
faint but distinct signals in the zone, from small faces, which 
gave measurements from the prisinatic cleavage, as follows: 


49° 42’, 49° 36’, 49°50’, 49°43’, 49°55’, 50° 06’, 49° 02’ 
* Zeitschr. f. Kryst., xiv, p. 584, 1888. 
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Our theory demands for maz, 1010, 1011, of gmelinite 
49° 42’. In two cases the above were measured both as posi- 
tive and negative rhombohedron on the same fragment. This 
latter and the fact that the crystals are more or less cellular 
internally, renders it probable that these reflections came from 
minute interior faces 

Chemical composition.—In order to obtain a control over 
the crystallographic work on the Five Islands gmelinite, two 
analyses A and B have been made. In A, the outer shell men. 
tioned before, was analyzed, and in B the inner nucleus. The 
material was easily obtained by taking fine crystals and split- 
ting off the shell by pressure. The fragments thus obtained 
were perfectly colorless, the inner portion had the usual flesh 
color. Both ground to a pure white powder. The analyses on 
the air-dried material were as follows: 

B 
50°67 
18°50 

0°15 
1°05 
0°16 
9°88 
20°15 


100°09 100°56 
It will be observed that the analyses show no difference be- 
tween the two portions. Also the specific gravity carefully 
taken with the heavy solution was found to be 2037, the same 
for both. The most marked result of the analyses is the very 
small amount of lime and large amount of soda indicated. 
Analyses of American gmelinite, on ‘material from Two 
Islands, Five Islands and Bergen Hill have been made by A. 
LB. Howe.* It will be observed that the one on Five Islands’ 
material is almost exactly like those just given. 
Two Bergen Five 
Islands 3. Theory. Hills 4. Theory. Islands $. Theory. 
51°18 4&6 we 50°45 49°74 
17°42 8:7: 18°27 
0°17 
1-12 1°12 
020 
9°79 9°75 
20°96 é 21° 21°28 20°71 21°27 


100°11 100°00 100°58 100°00 100°71 100°00 
In the article previously quoted Streng has shown that chaba- 
zite may be considered a mixture of two isomorphous hydrated 
molecules, similar to the feldspars. If we consider gmelinite 
as a soda chabazite, we then have for these molecules: 
e=NaAlSi,O,.4H,O y=Na,Al,Si,O,.4H,O 


* This Jour., vol. xii, pp. 270, 1876. 
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the first a hydrated albite molecule, the second a hydrated soda 
anorthite. If, according to this, we deduce the composition 
indicated by the analyses of the three gmelinites, replacing 
soda by lime to the extent observed, we have 


Two Islands in which Na: Ca::2 :3 
Bergen Hill =32+y Na: Ca::; 3°2: 1 
Five Islands =47+y Na:Ca::8 :1 


The theoretical composition for these formulas is given, for 
convenience, in the table after each analysis. The very close 
agreement of the theory, calculated for these simple relations, 
with the analyses themselves is very striking and a strong 
proof of the correctness of Streng’s theory. In chemical com- 
position we may consider typical gmelinite as a soda chaba- 
zite, whose relation to the normal lime chabazite is the same as 
that for instance of lithiophilite to triphylite. 

Conclusion.—In considering the bearing of the foregoing 
facts upon the identity of this mineral with chabazite there is 
an apparent discordance. The result of the crystallographic 
work, points to a distinct difference in axial ratios and there is 
also a different habit and cleavage. On the other hand the 
twinning and the chemical constitution, both following that of 
chabazite present the strongest possible arguments for the 
identity of the species. To explain these apparent discrepan- 
cies the following hypothesis is offered. The analyses of 
chabazite and gmelinite, made by various chemists, show that 
soda and lime may replace each other to any extent, but that 
in gmelinite the soda is in excess, while in chabazite the reverse 
is true. If we consider then that the effect of the soda is to 
lengthen somewhat the vertical axis, the difference in angles 
and ratios would be accounted for and we might expect it to 
change also the habit and cleavage. While this cannot be 
considered otherwise than a hypothesis, the fact that in 
the Five Island material under examination these differences 
are greater than noted by any former observer, while at the 
same time the percentage of soda is also greater, points dis- 
tinctly towards it. According to this view gmelinite would 
bear much the same relation to chabazite that enstatite does to 
hypersthene, whether it should be considered a distinct species 
would be largely a matter of choice or convenience. 

In closing the author desires to express his thanks for the 
liberal use of valuable material to Professor G. J. Brush and 
to Professor S. L. Penfield, to the latter also for valuable 
advice during the progress of this examination. 

Mineralogical Laboratory, Sheffield Scientific School, 

New Haven, Feb., 1891. 
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Art. [X.—Analyses of Kamacite, Twnite and Plessite from 
the Welland Meteoric Iron ;* by Joun M. Davison. 


THE siderolite, which forms the subject of this paper, is 
described by Edwin E. Howell on pages 86-87 of the Pro- 
ceedings of tlhe Rochester Academy of Science for 1890. Its 
analysis gave Fe 91°17 and Nis8-54. It is singularly free from 
troilite and schreibersite and thus offered an unusually good 
opportunity for the analysis of its separated nickel-iron alloys. 
On sawing the meteorite, the outside was found much decom- 
posed ; but between this and the compact center was a zone in 
which the oxidation was superficial and confined for the most part 
to planes of contact of the different nickel-iron alloys that form 
the Widmanstiitten figures. It thus became possible to separate 
the kamacite and the tenite in quantities sufticient for analysis. 
The quantity of kamacite used for analysis was gm. 0-934, of 
tenite gm. 04522. 

The physical characters of these alloys differ widely. The 
kamacite is brittle, breaking with a subeonchoidal fracture, and 
is of the color of cast iron. It was coated with a thin film of 
black oxide which had often a resinous luster as if covered with 
lacquer, particularly where the teenite had been freshly stripped 
off. This oxide is attracted by the magnet, and is probably 
the magnetic oxide Fe,O, Some pieces of kamacite of a 
millimeter or two in thickness were entirely altered to this 
oxide. The kamacite shows, in places, a corrugated surface, in 
some specimens resembling bundles of rods, like the columnar 
structure of hematite. Figures 1 and 2 show this columnar 
structure. In the latter the tenite which closely followed the 
form of the kamacite is laid back, but not detached. 

The tenite has a silvery luster with, when slightly oxidized, 
a tinge of bronze. It is flexible and elastic and fuses on the 
edges in the oxidizing flame of the blowpipe, turning dark. Its 
fusibility seems to be about 5. It resists oxidation better than 
the kamacite; the contrast between its comparatively fresh 
appearance and the dark film covering the other was marked, 
and facilitated their separation. 

Both kamacite and tenite were magnetic and exhibited a 
weak polarity which was more marked in the latter. Pieces of 
teenite floated directly on water, and of kamacite buoyed on a 
cork, arranged themselves in the magnetic meridian ; the taenite 
promptly, the kamacite after being left for some time protected 
from air currents under a bell glass. The meteorite as a mass 
also showed polarity. The teenite is found separating the plates 

* Read before the Rochester Academy of Sciences and published in the Pro- 
ceedings for 1891, where it is accompauied by a plate, not reproduced here. 
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of kamacite and enveloping the crystals of plessite. Figures 3 
and 4 show plates of kamacite which were in close contact, and 
when separated were found to have been joined by a little 
triangular prism of the same substance. 

It was, at first, intended to analyze the plessite as a whole; 
but on examination its fine layers were so suggestive of kama- 
cite and teenite that the attempt was made to separate them, 
and to analyze each separately. It was found that one was 
brittle, the other flexible and elastic ; one dark with superficial 
oxidation, the other showing the tnite luster. Physically 
their correspondence, the one with kamacite, the other with 
tenite was exact, and in the kamacite-like part the columnar 
structure was shown on a diminutive scale, the diameter of the 
rods being from 4-4 mm. 

Their separation then became simply a matter of patience, 
and with the aid of a watchmaker’s glass, and a magnetized 
needle to pick up the grains and flakes, most of which were too 
small for even delicate forceps to handle, there was obtained 
for analysis, of the part resembling kamacite gm. 0°5261, of 
that resembling tenite gm. 0°1314. The thickness of the 
kamacite was from 1-2 mm., that of the tenite from +;—s)5 
mm. In the plessite the kamacite-like bands were from 44-345 
mm. thick; the teenite-like bands, as nearly as could be meas- 
ured, from NM. 

The method of analysis was the same in each case. The 
material was gone over repeatedly, piece by piece, with a 
watchmaker’s glass and very carefully assorted and cleansed, 
the pieces of kamacite being scraped bright. It was not possi- 
ble to do this to any extent with the kamacite-like part of ples- 
site. It was dissolved in dilute hydrochloric acid by the aid of 
a weak galvanic current, at the positive pole of the battery. 
The carbon thus separated was collected on a Gooch filter and 
burned. The nickel and cobalt were separated from the iron 
by digestion in ammonium hydrate, the process being repeated 
four times. The iron was weighed, and the nickel and cobalt 
first determined together by electrolysis, then separated by 
potassium nitrite and each determined separately in the same 
manner. For comparison, the analyses of kamacite and teenite 
are given each next to its corresponding part of the plessite. 


Kamacite. Plessite. Teenite. 
Kamacite-like part. Teenite-like part. 

Fe 93°09 92°81 72°98 74°78 

Ni- 6°69 6°97 25°87 24°32 

Co "25 19 

C "02 91 "50 


100°05 100°16 100°59 99°93 


{ 
4 
} 
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These physical and chemical correspondences justify, I think, 
the conclusion that in the Welland siderolite there are but two 
distinct nickel-iron alloys, viz: kamacite and tenite; and that 
the so-called plessite is merely thin alternating lamelle of 
kamacite and tzenite. 

It is unsafe to generalize on a single analysis, but an exami- 
nation of the markings of other meteoric irons suggests the 
thought that in them also there may be but two distinct alloys, 
Such are the Descubridora, the Glorietta Mt. and notably the 
Kiowa Co. and the Augusta Co., Va. meteorites. In sections 
of the last two irons in Ward & Howell’s collection every piece 
of the so-called plessite in the Augusta Co. iron shows its thin 
lamellze, and in the Kiowa Co. pallasite the gradations of the 
markings are such, that in parts of the iron it would be difficult 
to say which should be called kamacite and which plessite. 

In etching meteoric iron, the kamacite is attacked by acid 
more readily than the tenite richer in nickel. The teenite and 
plessite stand in relief. Where lamelle do not show in plessite 
may not closely crowded teenite bands have protected neighbor- 
ing kamacite layers from acid action, and might not more eare- 
ful or prolonged etching develop lines in plessite that now 
appear homogeneous 


Reynolds Laboratory, 
University of Rochester, April, 1891. 
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1. On the Speed of the Explosive wave in Solid and Liquid 
Bodies.— BERtTuHELOT has studied the phenomena attending the 
production and transmission of the explosive wave in solid and 
liquid substances and finds that these phenomena do not have 
the regularity of progression observed in gases. In liquids the 
speed appears to be dependent upon the rigidity of the enclosing 
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tubes, this speed being the greater the greater the resistance of 


the tubes to rupture. It is probably not possible, however, to 
prepare tubes which can bear without fracture the force of the 
explosion, since the volume of the high explosives is smaller as a 
rule than the volume of their decomposition products, even when 
these are compressed into the liquid condition. In methyl] nitrate, 
the author finds that the explosion travels, when the liquid is 
contained in tubes of steel, with a speed of about 2100 meters per 
second.— CU. #., cxii, 16; Ber. Berl. Chem. Ges., xxiv, (Ref.) 253, 
April, 1891. G. F. B. 
2. On the Relation between the Electrical Energy and the 
Chemical Energy in Voltaic cells—A series of experiments by 
Livay has been made to ascertain the amount of heat gener- 


A 


~— 
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ated by the current of certain voltaic cells, as compared with 
the amount generated by the chemical action going on in the 
cells; in order to determine the exact relation of these two 
quantities. The heat developed by the current was ascertained 
by means of a silver voltameter placed together with the cell, ina 
calorimeter. The heat evolved by the chemical action was deter- 
mined by direct calorimetric means. The cells examined were of 
the Daniell and the De la Rue forms, three experiments being 
made with each. Asa result the author finds that with the Dan- 
iell cell, the heat equivalent of the current is greater than that 
generated chemically ; so that in the working of this cell, heat is 
absorbed. On the other hand the De la Rue cell shows a reverse 
effect, not all the heat proper to the chemical action going on 
appearing in the circuit. But in this case the author observed 
that the relative amount of electrical energy increases with the 
concentration of the solution in the cell. These results confirm 
substantially those of Jahn.—Ann. Phys. Chem., Il, xivii, 103 ; 
J. Chem. Soc., 1x, 513, May, 1891. G. F. B. 

3. On the Action of Heat on Carbon Monoxide.—BERTHELOT 
has observed that when carbon monoxide is heated in a glass tube 
to 500° or 550°, a minute quantity—three or four thousandths 
—of carbon dioxide is produced ; and this without any simul- 
taneous separation of carbon. If, however, the carbon monoxide 
be passed through a porcelain tube, and the temperature of this 
be raised to a dull or even a bright red heat, while approximately 
the same quantity of carbon dioxide is observed to be produced 
as before, there is at the same time a distinct separation of carbon. 
Hence the author concludes that in this experiment carbon mon- 
oxide is not simply dissociated, but is at the same polymerized ; 
and that the product of this polymerization decomposes into 
carbon dioxide and carbon sub-oxide according to the equation 
C,0,=C,_,0,..+CO,; which sub-oxide at a higher temperature 
yields carbon monoxide and free carbon.—C. £&., exii, 594 Ber. 
Berl. Chem. Ges., xxiv, (Ref.) 348, May, 1891. G. F. B. 

4. On the Electro-metallurgy of Aluminum.—M1neET has con- 
tributed further details concerning the reduction of aluminum by 
electrolytic methods. The steel crucible is now made smaller 
and is provided with an internal lining of carbon which serves as 
the negative electrode. The difference of potential between the 
two electrodes is 4°55 volts and the yield is 31°9 grams of alu- 
minum per horse power per hour, or 31°3 horse powers per hour 
for one kilogram of aluminum. The author believes that it will 
be possible to reduce the difference of potential to 4 volts and 
under these conditions there will be no electrolysis of the sodium 
chloride and the yield will reach 70 per cent of the theoretical 
quantity. The loss of 30 per cent is due to the action of the fused 
fluorides on the aluminum and does not occur when aluminum 
alloys are made, since in this case the electrolytic cell is composed 
of the other metal and the liberated aluminum at once combines 
with it.—C. &., exii, 231; J. Chem. Soc., |x, 525, May, 1891. 

G. F. B. 
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5. On the Detection of metallic Mercury in cases of Poisoning. 
—It is generally assumed that metallic mercury when treated 
with hydrochloric acid and potassium chlorate goes readily into 
solution. But Lecco has observed that in destroying the organic 
matter in toxicological cases with these reagents, metallic mercury 
if present is only very slowly attacked. A human stomach in 
which minute globules of mercury could be distinctly seen was 
treated in this way until the organic matter was destroyed and 
then examined as usual. Scarcely a trace of mercury could be 
detected in the solution, while in the residue minute globules of 
the metal were visible. Direct experiment showed that mercury 
itself is soluble with extreme difficulty under these conditions; 
and hence the author believes that in examination for poisons this 
fact should be borne in mind. He recommends that the process 
of treating with hydrochloric acid and potassiam chlorate should 
be continued for some time after the organic matter disappears.— 
Ber. Beri. Chem. Ges., xxiv, 928, April, 1891. G. F. B. 

6. On Tetrazotic acid and its Oxy- and Di-oxy derivatives.— 
In consequence of the observation that by the action of acids up- 
on benzenyl-amidine nitrite, an acid is produced having the for- 
mula C,H,N,O, and therefore of the composition of a di-nitroso- 
benzenyl-amidine, W. Lossen undertook further researches in 
this direction and has obtained some noteworthy results. He 
finds (1) that similar compound acids are yielded by other ami- 
dines provided that in them the hydrogen in the group o7NH 


X . CN,O,H, called dioxy-tetrazotic acids and of which the above 
benzenyl-dioxytetrazotic acid C,H,. CN,O,H is an example, are 
reduced by sodium amalgam to oxy-tetrazotic acids, X . CN,OH, 
such as benzenyl-oxytetrazotic acid C,H, . CN,OH, and to tetra- 
zotic acids X . CN,H, as for example C,H; . CN,H benzenyl-tetra- 
zotic acid ; (3) the dioxytetrazotic acids decompose spontaneously 
when set free from their salts, and their metallic salts when dry are 
extraordinarily explosive ; (4) the oxytetrazotic acids, in regard to 
their permanence are intermediate between the unstable dioxyte- 
trazotic acids and the quiet permanent tetrazotic acids, although 
the latter and also its salts are explosive; (5) by Raoult’s method 
the molecular formulas of benzenyl-tetrazotic and benzenyl- 
oxytetrazotic acids were found to be C;H,N, and C,H,N,O respect- 
ively ; (6) with reference to the constitution of these acids, the 
author states (a) that the hypothetical free benzenyl-dioxytetra- 


zotic acid has apparently the formula O,H,. ore ‘io since it 


gives Liebermann’s nitroso-reaction and decomposes into benzoni- 
trile, nitrogen and nitrogen dioxide; (b) that benzenyl-tetrazotic 
acid, by the action of concentrated hydrochloric acid, decomposes 
according to the equation 


is not replaced by alkyl radicals ; (2) that the acids thus obtained 
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though possibly an intermediate stage occurs as follows: 


SNH + +N, + NH, 
the benzhydroxamic acid splitting into aniline and carbon dioxide ; 
benzenyl-tetrazotic acid may be considered cither as a phenyl- 
ZN—-N 
tetrazol C,H,.C¢ 7 ll» analogous to the isomeric compound 
\NH—N 
y N———_-N 
discovered by Bladin || ,oras an 
\N(C, H,).N 
corresponding to the benzoyl- azoimide of CurtiusC,H,.CO.N “I " 
UN “NN 
in the latter case having. the formula C,H,C(NH).N ; (c) since 


benzenyl-oxytetrazotic acid does not give Liebermann’s reaction, 
it is not a nitro-compound. According to C. Lossen, benzenyl- 
oxytetrazotic acid crystallizes from boiling water in rhombic 
needles which fuse with decomposition at 175°. With one mole- 
cule of crystal water the acid is permanent, but when deprived 
of this water at 105°, it readily decomposes evolving nitrous 
vapors. Its salts with potassium, barium and silver are described. 
Benzenyl-tetrazotic acid crystallizes from hot water, better from 
alcohol in rhombic hemimorphic colorless needles, fusing at 212° 
to 213° with decomposition. By slowly heating it, a beautiful 
red mass is obtained; while on rapid heating a violent decomposi- 
tion results, often with ignition, a dark green tenacious residue 
being left in the test-tube, whose vapor is red or violet. The dioxy- 
tetrazotic acid affords a meta-nitro-derivative m-nitrobenzenyl- 
dioxytetrazotic acid.—Liebig’s Annalen, celxiii, 73; Ber. Berl. 
Chem. Ges., xxiv, 332, May, 1891. G. F. B, 

7. Polar light and Cosmic dust.—Livreine and Dewar ob- 
tained metallic dust by means of electrical discharges between 
terminals of different metals inserted in a glass receptacle— 
from this the dust was conveyed by means of a stream of hydro- 
gen into an end-on-tube, through which electrical discharges 
were passed. The spectrum of these discharges showed no trace 
of the lines of the finely divided metals although the finely 
divided dust was present in great abundance. They therefore 
conclude that if the northern lights are due to great electric dis- 
charges through rarified air filled with cosmic ~ dust, conditions 
must exist which are different from those in the experiment 
devised by them.—-Proc. Roy. Soc., xlviii, p. 437-440, 1891. 

J.T, 

8. Phosphorescence.—E. W1EDERMANN has investigated the 
character of the light given out by Balmain’s paint under different 
conditions of exposure. He expresses his belief that a source of 
light which sends forth proportionally more light waves than 
heat waves, as Langley maintains is the case with the fire fly, is not 


70 Scientific Intelligence. 


necessarily the cheapest source of light. In order to estimate the 
cheapness of a light account must “be taken of the entire trans- 
formation of the energy of the light in the process of vision.’ 
Beiblitter zu den Annalen der Physik, No. 4, 1891, p. 281. 3.7. 

9. Reflection and Refraction of light by thin surface layers. 
P. DrupE examines mathematically the conditions which must 
hold for the reflection and refraction of light by thin layers of 
metals such as Professor Kundt has experimented with in obtain- 
ing indices of refraction of metals. The paper is long and ex- 
haustive; but is not supported by experimental results. The 
author hopes to obtain suitable surfaces to verify his theoretical 
conclusions. These are as follows : 

(1.) In the expression for the absolute amplitude, ratios and dif- 
ference of phase of the reflected and the transmitted light—three 
constants depending upon the nature of the layer enter. In 
Cauchy’s formula but one constant depending upon the boundary 
enters. 

(2.) For refraction and ordinary reflection the formulas are 
identical with those of Cauchy. 

(3.) A lower limit for the thickness of the layer transmitting 
light is given by elliptical polarization. 

(4.) No ellipticity is shown if the layer is contained between 
the media of the same index of refraction. If the plate is wedge- 
shaped of small angle; in reflected light the bright bands have 
the normal polarization angle. The dark bands deviate from 
this, and a conclusion can thus be drawn in regard to the index 
of refraction of the layer in case the layer is homogeneous. 

(5.) In the dark band the reflected light is linear polarized— 
the transmitted light elliptically polarized. In the bright bands 
the reflected as well as the transmitted light is elliptically polar- 
ized. 

(6.) From observation upon the light transmitted by thin 
metallic layers and on light reflected the true optical constants of 
the metals can be computed. —Ann. der Physik und Chemie, No. 
5, 1891, pp. 126-157. J.T. 
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l. Annual Report of the State Geologist of New Jersey for 
the year 1890. 305 pp. 8vo. 1891.—Since the death of Prof. 
Cook, Prof. G. C. Smock has been appointed the State Geologist 
of New Jersey with F. L. Nason and C. W. Coman as assistant 
geologists. This report contains an article on the age of the 
Sussex Co. crystalline limestones by Mr. Nason; an account of 
geological work in the southern part of the State by C. W. 
Coman, treating especially of the strata overlying the upper mar! 
bed, and a report on the water-power and water-supply of the 
State by C. C. Vermeule. 

Mr. Nason’s paper contains the important announcement that 
the bluish, semi-crystalline limestone of Sussex Co. and the asso- 
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ciated sandstone, have afforded Dr. C. E. Beecher Lower Cam- 
brian fossils ; and that in one case the sandstone contained, near 
by, the mineral graphite. The main purpose of the article is to 
give the evidence obtained by the author in favor of the conclu- 
sion that the white crystalline limestone of the county, containing 
chondrodite and other minerals, which has been supposed to be 
Archean, is really of the age of the blue limestone. The evidence 
given is, briefly, the occurrence of graphite in both the white and 
blue limestones ; the passage of one into the other at some 
localities ; and the inference that the white limestone owes its 
crystallization to contact with eruptive rocks, (granite, etc.), and 
exhibits various contact phenomena. The Franklinite iron ore- 
bed of the county is associated with the white limestone, and is 
made therefore of the same age. ‘The conclusion is a wide- 
reaching one, and the facts should have full investigation before 
it is adopted. The evidence drawn from the graphite is of un- 
certain value as the mineral occurs in rocks of much later time. 
Prof. Cook regarded the iron ore beds and the limestones as part 
of the gneissic formation of the region, the gneiss being not in 
his view foliated granite ; and the writer’s examinations of the 
rocks associated with these ores have led him to the same con- 
clusion. Moreover, it is an impossibility that the crystallization 
of the white limestone formation should have been produced by 
contact with the dikes of igneous rocks, or even with protruded 
granite; for the rock of a dike cools outside too rapidly for such 
a result. The trap dikes of New Jersey illustrate this point 
abundantly. Melted granite injected through a cold rock would 
not be true crystalline granite against the walls or make the 
limestone adjoining coarsely crystalline, like the white limestone, 
even for a hundred feet. Again dikes of a hornblendic scapolite 
rock are described. But it is impossible that melted scapolite 
injected into cold rocks in fissures four to six feet wide or wider 
than this, should become on cooling crystallized scapolite, even 
of a granular form, alike from wall to wall, with “ perfect folia- 
tion” parallel to the walls, so that it has been mistaken for 
gneiss. For such crystallization the enclosing limestone should 
be hot enough for its own crystallization—the condition attend- 
ing metamorphism. 

The actual passage of the blue limestone into the white has 
weight, if the observation is beyond question. The writer 
doubts the conclusion as to actual passage because he has ob- 
served in East Lee, Massachusetts, an apparent passage of the 
kind between the Stockbridge limestone and another which is 
chondroditic, and saved himself from inferring their identity by 
tinding the latter associated in a part of the area with a very 
different class of crystalline schists. In other cases over eastern 
Berkshire chondroditic limestone was met with; and in each it 
was associated with rocks that were in part so unlike the schists 
of the Stockbridge limestone or Taconic belt, viewing them 
through its whole course, from Vermont, Massachusetts, and 
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Connecticut to New York island, that it was accepted as evi- 
dence of Archean age. Superposition of the later limestone on 
the earlier and subsequent changes may account for the cases of 
apparent passage. Limestone belts have determined the positions 
of the chief valleys of Berkshire ; and in some cases Archean 
limestone was first in the work. 

One of the most comprehensive facts in the geology of Eastern 
America is the general identity of strike and dip, in associated 
metamorphic or crystalline rocks of Archean and later time. In 
eastern Berkshire the writer failed to detect the limit between 
the Taconic schists and the Archean, after several trials ; and the 
same was true for the ridge southwest of Cornwall, Conn., where 
chondroditic limestone occurs; and also in Putnam County, 
N. Y., where there are Archean iron ores. In each case the 
quartzyte of the Taconic series was followed by gneiss of like 
dip and this by other gneisses, and the Archean limit was not dis- 
covered. The question was left for a later and more thorough 
investigation, which has not been made. It is now in other 
hands, with a promise of success. Taking the evidence which 
strike and dip afford as of itself conclusive, it is probable that 
nearly all the so-called Archean rocks of the Appalachian Pro- 
taxis could be proved to be Paleozoic. The problem which Mr. 
Nason has investigated in Northern New Jersey is one of great 
importance and difficulty. It is a part of a wider problem—that 
embracing all the Archean schists and ore-beds of New Jersey. 

2. Two belts of fossiliferous black shale in the Triassic forma- 
tion of Connecticut, by W. M. Davis and 8. Warp Loper. 
16 pp. 8vo. (Bull. Geol. Soc. America, vol. ii, April, 1891.)— 
Professor Davis commences his paper with a summary of his 
conclusions respecting the Triassic formation in the vicinity of 
Meriden, Conn., and its associated trap. His list of papers 
mentions five subsequent to the one published in this Journal in 
1886, with the title “Triassic formation of the Connecticut 
Valley.” Under the same title, he published a fuller paper in 
the Report of the U. 8. Geological Survey for 1888. Since then 
the following have appeared: “The ash-bed at Meriden and its 
structural relations,” in the Proceedings of the Meriden Scientific 
Association for 1889; “On the Topographic development of the 
Triassic formation of the Connecticut Valley,” in vol. xxxvii of 
this Journal, 1889; “On the faults near Meriden, and on the 
intrusive and extrusive trap sheets of the Connecticut Valley,” in 
the Bulletin of the Museum of Comparative Zoology for 1889. 
In the present paper the following general conclusions are stated. 

Three overflow trap-sheets in the vicinity of Meriden are now 
well made out; the first, thin and amygdaloidal, the second, 
thick and massive and sometimes a double flow, the third, thin 
like the first. Beside these overflows one great intrusive sheet, 
exists, and apparently several smaller ones. The great sheet, as 
implied in a note, is that of West Rock, of the New Haven re- 
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gion. The east-and-west ridge called Mt. Carmel, situated about 
half way between New Haven and the Meriden trap ridges is a 
“oreat mass of dikes,” which “may be regarded as the locus of 
the volcanic pipes up through which rose the lavas now seen in 
the extrusive and intrusive sheets.” The existence of these vol- 
canoes is spoken of as without direct evidence, but probable. In 
the two figures of the paper these volcanoes are represented as 
buried in the sandstone formation and are entitled “the Group 
of buried volcanoes,” “The lost volcanoes.” The tilting of the 
sandstone with the intercalated sheet of trap, giving the forma- 
tion its eastward dip throughout the region, probably followed 
the time of deposition and eruption. Even the intrusive dike, 
West Rock, is probably “of earlier date than the tilting and 
faulting of the formation, and hence of roughly synchronous date 
with the overflows.” The faulting of the sandstone accompany- 
ing the uplifts was probably guided in direction by the planes of 
foliation in the underlying schists. 

The two belts of black shale contain fossil fishes and plants. 
One of them is that of the well-known Durham locality and others 
of the same belt. The second occurs in a small brook north of the 
village of Westfield, Conn., and has been opened also at four 
other places along a line of about fifty miles. The latter, Mr. 
Loper states, has afforded one species of fish, Jschypterus gigas, 
not found in the Durham line, and two species of plants also 
absent from it, Eguisetum Rogersi Sch., and Ctenophyllum 
Braunianum Sch. 

3. Illustrations of the Fauna of the St. John Group, No. V.; 
by G. F. Matruzew.—Mr. G. F. Matthew’s paper under the 
above title, though read before the Royal Society of Canada in 
May, 1890, has only recently been distributed. The author has 
made a study of the fauna of the lower rocks of New Brunswick, 
especially near the city of St. John, and has given the results of 
his labors in numerous papers of interest. In the present one after 
discussing the structure of the St. John Basin, and various sec- 
tions of the strata, he describes several new species of fossils and 
presents remarks upon some old ones, especially upon trilobites. 
This section is followed by a third treating mainly of tracks and 
markings, and upon this we offer some remarks and criticisms, 

He gives, in the first place, a short sketch of Nathorst’s obser- 
vations upon Meduse, quoting the descriptions of Medusites 
princeps Torell (sp.) (= M. favosa of Nathorst), MW. radiata 
Linrs., (sp.) and M. costata Torell (sp.) (=. Lindstromi of 
Nathorst). All these forms were described from beds of Cam- 
brian age in Sweden, and Mr. Matthew says that in the St. John 
group indications are found of some of these “ medusa-like forms 
as Nathorst considers them.” He then proceeds to describe a 
new genus Medusichnites, founded for the reception of certain 
trails or tracks “ which appear to have been produced by such 
creatures.” Not that there is any indication they were positively 
made by Medusce, ‘but rather that they are probably due to 
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those Radiate animals which Nathorst has referred to Medusites.” 
The name Zaonichnites had been previously suggested by him 
for some similar form, but he now advocates discarding the old 
name and substituting a new one. Why the new forms should 
not have been included with the old one we are unable to under- 
stand. Fortunately no specific names are given to the series of 
markings referred to this genus. The author prefers, instead, to 
designate them as “forms,” and of these he describes and illus- 
trates five. 

In these descriptions we no longer find any doubt expressed as 
to the manner in which the tracks were made or the kind of 
animals which made them. One is “the imprint of tentacles 
resting on the bottom.” Another, from the Animikie group of 
the Lake Superior region, and the original of Taonichnites, he 
says “is a good illustration of certain impressions which have 
been mistaken for rill markings, but which are really of organic 
origin. It has been made by a Medusite swept along by a cur- 
rent above the surface of a bed of very fine sandy mud.” It is 
interesting to know that the same genus ranged from the Animi- 
kie into the Middle Cambrian. 

Another new genus proposed is Hoichnites, the name being a 
substitute for Hophyton. Mr. Matthew gives an account of 
Eophyton and of its supposed nature by the original discoverer, 
Torell, and figures what he calls Hoichnites Linneanus Torell 
(sp.), from the St. John group. These figures, while they bear 
little resemblance to the typical Hophyton Linneanum, are very 
much like some of the figures of Medusichnites, and should be 
placed there if that genus be a good one. 

A third new genus established is Ctenichnites, adopted for 
markings which Mr. Matthew says Torell and Linnarsson con- 
founded with Hophyton. We are told the markings resemble 
Koichnites so far ‘that they might easily be supposed to have 
been produced by larger individuals of the kind which made the 
Hoichnites.” This genus has one species, C. ingens, and it is 
described with considerable detail. A table is given of the chief 
varieties. ‘Then the sort of animal supposed to have made them 
is discussed, the exposures yielding the following inferences to 
the author : 

“1. That the animal lived in schools, 2. That it had a rapid, 
direct, darting motion. 3. That it had three or four flexible, 
fleshy arms. 4. That these arms were furnished with sharp 
(horny ?) spines. 5. That it had an easy motion through the 
water so that sometimes the arms of one side touched the bot- 
- tom, sometimes the other.” 

Then “having found reason to believe Ctenichnites to be of 
animal origin,” Mr. Matthews concludes that it might have been a 
naked cephalopod. Then the habits of squids, and the nature of 
coprolites, and the armature of trilobites are examined in turn, 
and the final conclusion is that all the facts point to squids of 
some sort being the probable source of the Ctenichnites markings. 
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A comparison of the figures of Ctenichnites ingens with those 
of Hoichnites and some forms of Medusichnites induces the 
Opinion that they are not to be separated even specifically. Some 
of the first have the lines wider apart than those of the second, 
and are less curved than the third, but the variability in all is so 
great that to draw a line anywhere between them is a task that 
few would dare undertake. 

Under Psammichnites he refers to certain specimens found in 
St. John which seem te him probably ‘‘ may have been made by 
by a Psammichnites.” From this it would appear that Mr. 
Matthew considers Psammichnites to be an animal form of some 
sort. The general opinion is (Hancock, Haughton, Torell and 
Nathorst) that the forms described under that name are only 
tracks. 

Under Frena a new species, F. ramosa, is described, and under 
Arenicolites also, a new form, A. brevis, is given. Still a fourth 
genus, Goniadnichnites, with one species, G. trichiformis, is 
created, and on very slender grounds. Small, slender and thread- 
like, the name is given because of their resemblance to tracks 
made by recent Goniada. The figure bears some resemblance to 
certain branching forms of graptolites like Dendrograptus tenui- 
ramosus, from the Utica Slate of New York. 

Last of all the new species is an addition to Torrell’s Monocra- 
terion, under the name of AZ. magnificum. From the plate it is 
well named, for from a central cavity two inches in its longer 
diameter, and one and a quarter inches in its shorter, spread out 
filaments, called “tentacles,” three inches in length: and this 
figure is reduced one-third. If this burrow were made by a 
worm, it must have been a gigantic creature. 

In studying this paper of Mr. Matthew’s we cannot but regret 
that ke has made his many new genera and species upon sach 
scanty material. As objects illustrating some phase of sedimen- 
tation, or the possibility of some sort of life having existed, these 
markings are of interest. But it is a useless burden upon science 
to give to them generic and specific names. 

Josepu F, James, 

Washington, D. C., June 13, 1891. 

4, Etudes des gites minéraua de la France. Bassin Houiller 
et Permien d’ Autun et d’ Epinac. Fase. II, Flore fossile, Pre- 
miere partie, par R. Zeriter. Pp. 1-304. Atlas, xxvii plates, 
4°.—This fascicle begins the third of a series of valuable recent 
works on the flora of the Carboniferous epoch in France. Of 
these three, the first, on the flora of the Valenciennes basin, by 
M. R. Zeiller, dated 1888, is the most important work in French 
on the Paleozoic flora since the “ Histoire” of Brongniart, with 
which it will take a place as a classic in paleobotanical literature. 
The first part of the second work, on the Commentry flora, in 
which the ferns are monographed by Zeiller, bears the same date; 
but the second part, under the joint authorship of MM. B. 
Renault and Zeiller was not finished until 1890. The present 
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work includes the flora of the Epinac and Molloy stages of the 
Upper Carboniferous and the Igornay-Lally, C ornaille-Chambois, 
and Millery stages of the Lower Permian. The Millery horizon, 
in the Autun basin, is celebrated as the source of the wonderfully 
preserved silicified plants that formed the basis of the many 
important works on the organization and fructification of the 
plants of the Paleozoic by Brongniart, Grand ’Eury, Renault, 
Bertrand, and Zeiller. In this fascicle Zeiller treats the ferns, 
prefacing their description with an illustrated résumé of the 
classification of the types represented in this flora according to 
their discovered fruiting forms. Considerable new and interest- 
ing material is here brought to light. About forty species, many 
of them new, are described from foliar and fruiting characters. 
The last 120 pages contain descriptions and illustrations of the 
trunks and petioles of the ferns, belonging to Ptychopteris, in- 
cluding Caulopteris gigantea, F. & W., to Psaronius, represent- 
ing trunks of Pecopteris and Scolecopteris, and comprising an 
extinct tribe of the Marattiacew, and to Myeloxylon, including 
Medullosa (pars), Myelopteris and Stenzelia, which he regards 
as petioles and rachises of Alethopteris. Odontopteris and Neur- 
opteris, representing a group, with pithed petioles and a cen- 
trifugally developed secondary woody zone, perhaps intermediate 
between the Ophioglossacee and the Marattiacew. The flora is 
interesting as showing many transition forms between the Upper 
Carboniferous and the Permian types. The second part of the 
work, dealing with the remaining groups, is in preparation by 
M. B. Renault. D. W. 
5. The Genus Sphenophyllum, by J. 8. Newperry. Journ. 
Cincinnati Soc. Nat. Hist., vol. xiii, 1891, pp. 212-217, pl. xix. 
—In this short paper Dr. Newberry reiterates the view pro- 
posed first by himself in 1853, and afterwards independently 
by Coemans and Kickx, that in certain species of Sphenophyiltum 
in which the leaves are normally wedge-shaped and dentate or 
serrate, the deeply dissected, fimbriate, or capillary forms, simu- 
lating Asterophyllites, belonging to the same species, represent 
only portions of the same plant that were submerged. Several 
figures illustrate different parts of S, erosum, including the forms 
known as S. saxifragefolium. The author also gives a few of 
the characters of six species of this genus with which he is 
familiar in this country. Dr. Newberry regards Sphenophyllum, 
whose affinities: have for over fifty years been the subject of 
controversial discussions, as representing a peculiar and extinct 
family whose nearest living relative is Hguisetwm. D. W. 
6. Annuaire Géologique Universel, Année 1889, Tome VI. 
Paris 1890.—This geological Annual, founded by Dr. Dagincourt, 
is now under the direction of Dr. L. Carez for Geology, and M. H. 
Douvillé for Paleontology; and besides, it has many able co-work- 
ers from among the geologists of France and other countries. 
The Annual for 1889 is a closely printed large-octavo volume of 
1200 pages. The first 120 pages are occupied with lists of the 
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geological and paleontological papers, memoirs, maps, etc., of the 
year, arranged according to subjects and countries ; and after < 
catalogue of the authors in the lists, the following 1000 pages of 
the volume contain quite full abstracts of very many of these 
publications. Not only the names of new species are given in the 
Paleontological part, but, to a large extent, descriptions of genera, 
and among the Vertebrata of many of the species, besides a 
review of new deductions and opinions. The Annual is essential 
to the geologist who would know about the yearly progress of 
the science over the world, and keep himself informed of dis- 
coveries bearing on his own work. 

7. Tables for the Determination of Minerals by physical 
properties ascertainable with the aid of a few field instruments, 
based on the system of Professor Dr. Albin Weisbach by 
PersiroR Frazer. Third edition, entirely re-written, 113 pp. 
Philadelphia, 1891 (J. B. Lippincott Company).—Professor 
Frazer’s tables have already been found of much practical value 
by many workers, and in their present revised and improved form, 
their sphere of usefulness should be widely extended. 

8. Materialien zur Mineralogie Russlands, von N. v. Koxs- 
cHaRow. Vol. x, pp. 225-351. St. Petersburg, 1891.—The part 
now issued forms the conclusion of volume x. It includes 
descriptions of jeremejewite, eichwaldite, columbite, also sup- 
plementary notes on euclase, zircon, topaz and other species. 


III. MiIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Volcano of Kilauea.—In a letter of May 9th, Rev. E. P. 
Baker reports that after the eruption of March 6 the lava first 
appeared in the bottom of the empty basin of Halemaumau on the 
10th of April. He visited the crater on the 29th of April and 
found the lake of liquid lava within it 1V0 or 200 feet across, and 
a blowing cone by the side of it which was throwing up globules 
of lava. The lake had a thin scum-like crust over it. While look- 
ing at the lake from the edge of the basin, 300 feet perhaps above 
the lake, the lava began to run off through an orifice beside the 
cone until the basin was nearly empty. The next day the lava 
had wholly disappeared. Again on the 6th of May Mr. Baker was 
down in the crater and found no liquid lava in the basin; but 
from the cooled lava on its sides it appeared that the lava had in 
the interval risen to a higher level than on April 30th. It thas 
seemed that the lake was rising and falling—rising through the 
accession of new lavas from below, and falling through discharges. 
The cone continued to throw up occasionally globules of lava. 

2. American Geological Society.—The summer meeting of the 
society is to be held Monday and Tuesday, August 24 and 25, in 
the Columbian University, Washington, D. C., and will doubtless 
be one of unusual interest. The meeting will be preceded August 
19-22, by the meeting of the American Association for the Ad- 
vancement of Science, and will be followed by the International 
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Geological Congress, which meets August 26, and remains in 
session one week. The three societies will meet in the same 
building. The foreign members of the International Geological 
Congress are to be invited to read papers before the Geological 
Society, and their papers will be given precedence on the pro- 
gram. <A number of excursions will probably be arranged. The 
local arrangements are in the hands of a committee, Mr. G. K. 
Gilbert, chairman. 

3. International Congress of Geologists—5th Session, Wash- 
ington, 1891.--Circular of information, No. 11, has been recently 
issued by the Secretaries, H. S. Williams and S. F. Emmons, 
giving full information in regard to time and place of meet- 
ing (see above), program, transportation, excursions and hotel 
accommodations. Correspondence should be addressed to 8S. F. 
Emmons, 1330 F street, Washington. 

4, Physical Observatory at the Smithsonian Institution, 
Washington.--Prof. 8. P. Langley announces (in a letter to the 
Editors, dated June 1, 1891) that there has been established at 
Washington, as a department of the Smithsonian Institution, a 
Physical Observatory, which has been furnished with specially 
designed apparatus for the prosecution of investigations in 
radiant energy and other departments of telluric and astro- 
physics. The communication of new memoirs bearing in any 
way on such researches is requested, and for them it is hoped 
that proper return can be made in due time. 


Prof. Langley also states that he has resigned the titular 
directorship of Allegheny Observatory. 


OBITUARY. 

Cuartres Joy, for many years Professor of Chemistry 
in Columbia College, died May 29 at Stockbridge, Mass. He 
was born in Ludlowville, Tompkins County, N. Y., Oct. 8, 1823. 
He was graduated from Union College in 1844 and from the Har- 
vard Law School in 1847. The same year he was appointed on the 
Geological Survey of the Lake Superior region under Josiah D. 
Whitney and Charles T. Jackson. Subsequently he went abroad 
and studied chemistry in Berlin, at Gdttingen, and at the Sor- 
bonne in Paris. On his return he was called to the Chair of 
Chemistry at Union College. He held this position until 1857, 
when he was made Professor of Chemistry at Columbia College, 
which position he held until 1877. 

Professor Joy’s labors were devoted to chemistry and allied 
branches, and he was the author of many papers especially of a 
popular character upon scientific subjects. When a student in 
Gottingen he carried on a series of researches on the combination 
of alcohol radicals with selenium and later he investigated 
the compounds of glucinum, the results of which were published 
in this Journal (1863). He also made contributions to the sub- 
ject of mineral chemistry. Professor Joy was one of the jurors 
at the International World’s Fairs of London, Paris, Vienna, and 
Philadelphia, and was a member of many scientific societies. 
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